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A SOIL FUMIGATION TEST FOR PEA ROOT ROT CONTROL! 


OTtTTo A. REINKING AND A. G. NEWHALL?2 
(Accepted for publication February 27, 1950) 

Greenhouse experiments by Stark and Lear* and tests by Parris‘ have 
indicated that the propane-propenes, ethylene dibromide, and even methyl 
bromide at ordinary dosages, were not effective against certain soil fungi 
including a Fusarium attacking pea. On the other hand, the good control 
of cotton root rot (Fusarium oxysporum f. vasinfectum) and nematodes, 
recently reported by Smith® from the use of as little as 31 gal. an acre of a 
10 per cent ethylene dibromide fumigant, points to the wisdom of obtaining 
more information on the anti-Fusarial properties of some of the widely 
sold water-insoluble soil fumigants. 

A portion of a Dunkirk loam field on the Geneva Agricultural Experi- 
ment Station Farm, where peas had been grown consecutively for 4 years 
from 1946 through 1949 and where Fusarium and Aphanomyces root rots 
had been especially severe, was treated with the four fumigants, each in 
five replicated plots (Table 1), on May 10, 1949, the soil temperature being 


TABLE 1.—Treatments and rates of application of soil fumigants 


Ml. on Pounds Gallons 
Material 8-in. per per 
centers acre acre 
Chloropicrin Larvacide ) 4 1460 104 
Propane-propene mixture (Dowfume N 5 325 35 
Methyl bromide 10 per cent (Dowfume G 10 3000 260 
Experimental No. 100 5 900 35 


52° F. at 3-in. depth. Fumigants were applied with a Maclean ‘‘ Fumi- 
gun’’ or hand applicator to plots 5x7 ft. arranged in a 5x5 Latin square, 
the soil having been previously disked into seed-bed condition. All were 
applied 6 in. deep on 8-in. centers at rather high dosage rates. The soil 
was very dry and a water seal was applied with a sprinkling ean to all the 
chloropicrin- and methyl-bromide-treated plots and to two replicates each 


1 Journal Paper No. 813, New York State Agricultural Experiment Station, Geneva, 
New York, November 30, 1949. 

2 Professor and Head of Division of Plant Pathology, New York State Agricultural 
Experiment Station, Cornell University, Geneva, New York, and Professor of Plant 
Pathology, Cornell University, Ithaca, New York, respectively. 

The help of Daniel Roberts, Lee Heidrick, and Dr. Robert Wilkinson in applying 
fumigants and taking measurements is gratefully acknowledged. 

3F. L. Stark and Bert Lear. Miscellaneous greenhouse tests with various soil fumi- 
gants for the control of fungi and nematodes. Phytopath. 37: 698-711. 1947. 

4G. K. Parris. The nematocidal and fungicidal value of DD mixture and other soil 
fumigants. Phytopath. 35: 771-780. 1945. 

5A. L. Smith. Control of cotton wilt and nematodes with a soil fumigant. Phyto- 
path. 38: 943-947. 1948. 
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of the propane-propene and experimental compound No. 100 treatments, 
After a lapse of 14 days and the occurrence of 1.4 in. of rain, mostly on 
May 22, seed of the variety Thomas Laxton treated with Spergon (tetra- 
chloro parabenzoquinone) was sown May 24 across the plots with a grain 
disk drill, without further preparation of the land. The seeding was done 
directly without first dragging, so as to avoid carrying soil from one plot 
to the other. This resulted in rather shallow planting and excessive growth 
of weeds, chiefly Chenopodium album. The next month remained abnor- 
mally dry and warm with no appreciable rain for nearly 5 weeks so that, 
for practical purposes, the pea crop was a failure. However, very good 
data on the incidence of Fusarium root rot were obtained. 

On June 28 when flowers and small pods were developing, 50 pea plants 
were carefully removed from the center of each plot. At this time the 
plants were measured and the roots were washed and scored by one person 


with respect to severity of root-rot symptoms (Table 2). Only chloro- 
TABLE 2.—Fusarium root-rot index 
, Root- 
= Very : Mc : 
reatments None ei, Mild vd Severe Dead rot 
mild erate , 
indexa 
Chloropicrin (Larvacide) SY 83 49 »g 21 
Propane-propene mixture 
(Dowfume N) 54 64 69 63 51 
Methy!] bromide 10 per eent 
Dowfume G 2 55 72 9 62 50 
Experimental No. 100 } 15 91 101 38 ] 54 
Cheek 6 84 124 36 55 
Least difference required for significance (99: 1) 10 
» As a measure of infection, a root-rot index was set up based on an estimate of 
severity of rotting. The following ratings for infection were used: Severe = 100; mod- 


erate = 80; mild = 40; very mild= 20; and none= 0. 


picrin was capable of suppressing cortical root-rot symptoms; and at the 
high dosage rate of 1430 lb. per acre the disease index was reduced from 
55 to 21. 

In the chloropicrin test, none of the plants were severely infected and 
only 12 per cent were moderately so; 36 per cent had no infection. The 
majority of the plants had only a mild to very mild attack. On the other 
hand, the check had 18 per cent severely infected plants and 50 per cent 
moderately infected, all plants having some infection. The other treat- 
ments gave results more nearly like the check (Fig. 1). Analysis of vari- 
ance of the index figures gives 10 as the least significant difference at 99:1. 
The results of the chloropicrin treatment, therefore, were highly signifi- 
eant, whereas those of the other fumigants showed no significant difference 
due to treatments. 

Culture and microscopic studies made of diseased roots showed that 


only Fusarium solani vy. martii f. 2 was present and causing disease. No 
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Aphanomyces euteiches was found even after placing diseased roots in test 
tubes of water and examining at a later date under a microscope. The 
plot upon which the fumigation test was placed had been in peas for 4 
years. It was reserved for studies on pea resistant variety tests because 
the soil was known to be infested with Fusarium and Aphanomyees, both 
of which seriously infected pea plants during recent years. This study 
confirms those made before,® which showed that Aphanomyces may be of 
relatively little importance during an extremely dry growing season, even 





Fig. 1. Results of treatments with various fumigants. Reading from left to right 
with two plants in each group: chloropicrin (Larvacide), propane-propene mixture (Dow- 
fume N), methyl bromide 10 per cent (Dowfume G), Experimental No. 100, and check. 


Pea seeds not badly rotted on chloropicrin-treated plots. Photographed June 30, 1949. 


though the soil is infested with this organism. The fact that Fusarium was 
held in check by chloropicrin and not by other treatments again proved its 
presence in the soil and its ability to attack pea roots. 

No important amount of weed control was obtained by any of the treat- 
ments, although there were somewhat fewer weeds on the propane-propene 
(Dowfume N) plots. The average height of the peas was also lower on 
these plots (Table 3). 

There appeared to be no difference either in height of pea plants or in 
root-rot index as a result of applying a water seal to two of the five repli- 
cated plots treated with Dowfume N and with the experimental compound 
No. 100. It was subsequently learned that the latter fumigant in general 

6 QO. A. Reinking. Distribution and relative importance of various fungi associated 


with pea root-rot in commercial pea growing areas in New York. N. Y. State Agr. Exp. 
Sta. Tech. Bul. 264. 1942. 
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gives better results when applied at a much shallower depth than the 6-in. 
depth in this experiment. 

Admitting that the low temperature and the very dry condition of the 
soil were probably not conducive to the best performance of any of these 


TABLE 3.—Average height of pea plantsa 


Av. for 


250 Range 
plants (em.) 

(em.)4 
Chloropicrin (Larvacide) 21 10-34 
Propane-propene mixture (Dowfume N) 15 6-26 
Methyl bromide 10 per cent (Dowfume G) 21 9-36 
Experimental No. 100 20 9-31 
Checl 23 9-34 


« From point of seed attachment to top of plant. Five replicates for each treatment. 


fumigants, nevertheless it is believed the results tend to support the con- 
elusion that the control of Fusarium root rot of pea by the application of 
soil fumigants is not practical at present. 


New YORK STATE AGRICULTURAL EXPERIMENT STATION 
GENEVA, NEw YORK 

















INVESTIGATIONS ON SEED TREATMENT OF ALFALFA, 
RED CLOVER, AND SUDAN GRASS FOR CONTROL 
OF DAMPING-OFF' 


K. W. KREITLOW, R.J. GARBER, AND R. RK. ROBINSON? 
(Accepted for publication February 28, 1950) 


Damping-off of forage grass and legume seedlings frequently occurs in 
unsterilized soil in a greenhouse. Under certain field conditions reduction 
in seedling stands undoubtedly also occurs. Beneficial results from treat- 
ment of forage crop seed with fungicidal dusts, however, has not been con- 
clusively demonstrated. In greenhouse trials, Chilton and Garber (4) ob- 
tained improved stands of Lespedeza stipulacea Maxim, Medicago hispida 
Gaertn., M. lupulina L., Melilotus alba Desr., M. indica (.) All, M. offi- 
cinalis (Li.) Lam., Trifolium alerandrinum L., T. hybridum L., T. incar- 
natum L., T. pratense L., T. repens L., and T. repens, (Ladino) when seeds 
of these species were treated with New Improved Ceresan. Trifoliwm subter- 
raneum L., however, was stunted by this fungicide. Ina preliminary report, 
Kreitlow (8) observed increase in seedling stand in the greenhouse when 
seeds of alfalfa, red clover, and Sudan grass (Sorghum vulgare var. sudanense 
(Piper) Hitche.) were treated with various fungicides. Sudan grass bene- 
fited most from seed treatment. Allison and Torrie (1) treated seeds of 
Medicago sativa L.., Melilotus alba, Trifolium pratense, T. hybridum, T. 
fragiferum I.., and T. repens (Ladino) with New Improved Ceresan, Arasan, 
and Spergon. In a compost soil known to be infested with damping-off 
organisms, emergence of alfalfa and alsike clover was increased by each of 
the fungicides. Only New Improved Ceresan increased the total emergence 
of sweet clover, whereas stands of red clover were improved by New Improved 
Ceresan and Arasan. Spergon delayed emergence and decreased stands of 
strawberry and Ladino clovers. In one field test, none of the fungicides 
increased stands of the species tested. Vlitos and Preston (14) recently re- 
ported increased stands from seeds of field legumes treated with different 
fungicides. Of the legumes tested, alfalfa, vellow hop clover, mungbean, 
and hairy vetch responded most consistently to treatment with Spergon, 
Phygon, Arasan, and Dow 9B. In addition, they found no indication that 

1 Contribution No. 96 of the U. S. Regional Pasture Research Laboratory, Division of 
Forage Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineer- 
ing, Agricultural Research Administration, U. S. Department of Agriculture, State Col- 
lege, Pennsylvania, in cooperation with the northeastern states. 

2 Pathologist, Director, and Agronomist, respectively. 

The authors wish to express their appreciation to Dr. R. S. Kirby and staff, Plant 
Pathology Extension Division, The Pennsylvania State College, and to the State Agricul- 
tural Extension Representative in each of the participating counties in Pennsylvania who 
collected data on the field tests. Such data were also collected by Dr. M. F. Barrus at 
Ithaca, New York, Dr. G. H. Ahlgren at New Brunswick, New Jersey, and Dr. Robert 
S. Bell at Kingston, Rhode Island. The authors also are indebted to Mr. A. A. Hanson 
for suggestions regarding the statistical analysis, and to Messrs. D. L. Oldemeyer and 
J. P. Trimble for making the calculations. 
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seed treatment inhibited nodule formation. The purpose of this paper is to 
present data concerning seed treatment of several forage crops with par- 
ticular reference to some environmental factors that may influence results, 


MATERIALS AND METHODS 


Pythium cultures were isolated from seedlings of various hosts that 
damped-off in unsteamed soil in a greenhouse. Stock cultures of each isolate 
were maintained on Difco cornmeal agar in tubes at 15° C. and were used 
in greenhouse tests during the winters of 1942-1944 inclusive. 

Inoculum of Pythium isolates was prepared by growing the cultures 
for 48 hr. in Petri dishes of Difeo cornmeal agar at 27° C. In most tests, 
the agar cultures were diced with a spatula and the pieces of inoculum 
scattered over the surface of the soil in flats or glazed crocks just before 
seed was sown. The seed was covered with a soil-sand mixture in the 
ereenhouse tests. Unless stated otherwise, the soil used in the tests was 
steamed 4 hr. at 6 lb. pressure. 

Commercial seed of alfalfa, red clover, and Sudan grass was used in 
most tests. Seeds were treated with an excess of the fungicide dust and 
the surplus was screened off. In most cases, seeds were treated a few 
days before planting. Unless stated otherwise, 100 or 200 seeds per treat- 
ment were sown in each of three replications in a test. Stand counts 
were usually made 10 to 21 days after sowing or, in the case of the legumes, 
when seedlings produced several trifoliate leaves. 

Fungicides tested included* New Improved Ceresan (5 per cent ethyl 
mereury phosphate), Semesan (30 per cent hydroxymercurichlorophenol), 
Spergon (98 per cent tetrachloro-parabenzoquinone), Arasan (50 per cent 
tetramethylthiuram disulfide) ,* and Yellow Cuprocide (93 per cent yellow 
cuprous oxide). All greenhouse tests were conducted at approximately 
18-21° C 

The data obtained from greenhouse trials were not analyzed statisti- 
cally, but in general the results were consistent enough to permit reliable 
conclusions. Analysis of variance was used in the interpretation of field 
experiments. When interpreting the germination tests reported herein, 
it must be remembered that statistical significance may not indicate a 
practical gain under field conditions unless the differences are large. This 
is due primarily to the heavy seeding rates commonly employed with 
forage crops, and to the fact that within a rather wide range differences 


in stand may not materially influence yield. 


PATHOGENICITY OF DIFFERENT PYTHIUM ISOLATES 


Pythium isolates obtained from different hosts were tested for patho- 


Samples of New Improved Ceresan, Semesan, and Arasan were contributed by E. Z 
du Pont de Nemours and Co. Spergon and Yellow Cuprocide were supplied by the 
Naugatuck Chemical Division, United States Rubber Co., and Rohm and Haas Co., Ine., 
respective ly. 

‘In some of the first tests, the experimental fungicide DuBay 1205 FF was used. 
This was identical with Arasan in respect to the active ingredient. 
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genicity on alfalfa, red clover, and Sudan grass. In the test, the isolates 
obtained from alfalfa and red clover were most pathogenic. These isolates 
were therefore compared for pathogenicity on the following legumes: alfalfa 
(Medicago sativa), red clover (Trifolium pratense), sweet clover (Melilotus 
alba), birdsfoot trefoil (Lotus corniculatus L.), and Korean lespedeza (Les- 
pedeza stipulacea). After the soil was infested with the Pythium isolates, 
rows of 50 seeds of each host were sown. The test rows were distributed 
at random and were replicated four times. 

The data obtained showed slight differences in pathogenicity between 
the Pythium isolates from alfalfa and red clover. The isolate from red clover 
was less virulent to birdsfoot trefoil and alfalfa than was the isolate from 
alfalfa. The Pythium isolate from alfalfa was therefore used as a source of 
inoculum in the tests unless otherwise specified. The isolate was identified as 
Pythium debaryanum Hesse. 


EFFECT OF TEMPERATURE ON RATE OF GROWTH OF PYTHIUM ISOLATES 


In order to determine the temperature most favorable for growth, 
pathogenic isolates from alfalfa, red clover, and Sudan grass were cultured 
in triplicate on cornmeal agar in Petri dishes. The cultures were incubated 
at temperatures ranging from 10° C. to 40° C. at 5° intervals. At the end of 
24 and 48 hr., the diameters in millimeters of all colonies were measured. 

Maximum growth of each isolate occurred at 25° C. and 30° C. None 
of the isolates grew at 40° C. and only cultures from alfalfa and red clover 
yielded measurable growth at 10° C. after 48 hr. Though the isolates 
from alfalfa and red clover grew more rapidly in a given period at favor- 
able temperatures than did the isolate from Sudan grass, the optimum tem- 
perature for all isolates was approximately the same. All inoculum for sub- 
sequent tests was incubated at 27° C. 


EFFECT OF SEEDING ALFALFA IN FRESHLY INFESTED OR IN INCUBATED SOIL 


An experiment was conducted to determine whether seeds for a test 
should be planted immediately after infesting the soil with Pythium, or 
not until the infested soil had incubated for a time. Of steamed and un- 
steamed soil in separate flats, some was infested with Pythium and the rest 
was left noninoculated. One set of flats was then immediately sown with 
alfalfa. The soil in the remaining flats was moistened thoroughly and 
incubated in a shaded room at 20° C. for 10 days before alfalfa was planted. 

Most damping-off occurred when seeds were planted immediately fol- 
lowing infestation of the soi! with Pythium (Table 1). Less damping-off 
occurred in inoculated soil incubated 10 days before sowing. However, 
differences were not of sufficient magnitude to make the use of one method 
preferable to the other. Similar results were obtained in unsteamed soil 
except that damping-off in general was less severe, owing, perhaps, to in- 
hibition of the Pythium by other soil-borne microorganisms. 
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EFFECT OF DENSITY OF SEEDLING STAND ON DAMPING-OFF 

One-gallon pots of steamed soil were used for the test. After the soil 
in each pot, except the controls, was inoculated with Pythium, alfalfa was 
sown at the rate of 25, 50, 100, and 200 seeds per pot. 

When seedlings emerged, the percentage stand in inoculated and non- 
inoculated soil was similar whether 25 or 200 seeds were originally sown. 
This suggests that rate of seeding per unit area had little effect on pre- 
emergence damping-off. In subsequent tests, post-emergence damping-off 
occurred more frequently in crowded stands. 

GERMINABILITY OF SEEDS TREATED WITH VARIOUS FUNGICIDES 

Gray and Fuller (6), working with seeds of pea, corn, bean, radish, 
sunflower, and cucumber, showed that seeds stored in the presence of mer- 
eury vapor suffered no ill effects. Germination was delayed, however, 


when seeds of these species were germinated in the presence of mercury 


TABLE 1.—Percentage stand of alfalfa planted immediately or after incubation of 


soil treated in diffe rent ways 
Treatment of soil 
Planting time Steamed Unsteamed 
Noninoculated Inoculated Nentameadiiied Inoculated 
Immediate 80.3 9.3 67.0 46.0 
Delayed 81.0 Ly 65.0 59.3 


vapor. Seedlings grown in the presence of mereury vapor in the surrounding 
air and in the substratum grew poorly. Leukel (10) and Leukel and 
Livingston (12) found that injury to seed of sorghum treated with New 
Improved Ceresan seemed to depend more on variety and rate of applica- 
tion than on duration of storage following treatment. Of the forage legumes 
tested by Chilton and Garber (4) only Trifolium subterraneum was in- 
jured by treatment with New Improved Ceresan. 

For the present test, seeds of alfalfa, red clover, and Sudan grass were 
treated with New Improved Ceresan, Spergon, Arasan, Semesan and Yel- 
low Cuprocide Each lot of seed was treated with an excess of the fungi- 
cide and the surplus was screened off. An untreated control was included in 
each test. Rows of seeds were sown in flats of steamed soil and plantings 
were made at random. 

When seedlings emerged, stand counts showed that germination of 
treated seeds of alfalfa and red clover was not impaired by any of the 
fungicides tested. Germination of Sudan grass seeds treated with an ex- 


cess of New Improved Ceresan was lowered appreciably. None of the other 


funeicides affected germination of Sudan erass. 
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CAPACITY OF VARIOUS FUNGICIDES TO PROTECT SEEDS FROM DAMPING-OFF 


Steamed soil, partitioned into three parts in each flat, was used for the 
tests. After the soil was inoculated with Pythium, each section of a flat was 
sown with 100 seeds of a particular host and treatment. In a second test, 
900 seeds were used for each treatment. In both tests treatments were 
randomized and replicated 12 times. Untreated controls were included. 
The flats were incubated in a greenhouse. 

Most of the fungicides increased stands of alfalfa, red clover, and Sudan 
grass (Table 2). Yellow Cuprocide was the least effective fungicide for 


TABLE 2.—Percentage seedling stand from seed of different hosts treated with dif- 
ferent fungicides and planted in Pythium-infested soil in a greenhouse 


New Yellow 
Host Inoe. check Spergon Semesan Arasan Improved e 
Ceresan Cuprocide 
100 seeds per treatment 
Alfalfa 3.4 12.5 30.2 40.5 45.0 8.6 
Red clover 22.8 52.2 45.1 48.3 70.2 32.4 
Sudan grass 23.2 69.5 72.3 68.6 56.4 65.8 
200 seeds per treatment 
Alfalfa 17.6 40.4 41.2 43.0 62.1 25.1 
Red clover 17.0 41.4 42.9 41.6 58.4 26.6 
Sudan grass 28.5 72.3 Tan 72.5 56.2 64.7 


alfalfa and red clover; New Improved Ceresan (because of injury) was 
least effective for Sudan grass. In general, New Improved Ceresan gave 
the greatest increase in stand of treated seeds of alfalfa and red clover. All 
of the fungicides with the exception of excess New Improved Ceresan were 
approximately equally effective for seeds of Sudan grass. Variation in 
stand between the two tests was probably due to environmental differences. 


EFFECT OF DIFFERENT FERTILIZER TREATMENTS ON DAMPING-OFF 


There is considerable evidence that fertilizer treatment influences in- 
eidence of root-disease fungi. According to Garrett (5), losses caused by 
the take-all disease of wheat were greatly aggravated by a deficiency of one 
or more of the three major plant nutrients. The association between 
severe outbreaks of this disease and phosphate deficiency of the soil is widely 
recognized in Australia. A generous supply of plant nutrients alleviates 
the effects of the injury by aiding in rapid production of new crown roots 
to replace those destroyed by the fungus. Vanterpool (13) reported that 
browning root rot of cereals caused by Pythium spp. could be controlled by 
application of a soluble phosphate. The proportion of roots infected by the 
fungus was not reduced. but the total number of functional roots was 
greatly increased by application of the fertilizer treatment. On the other 
hand, increased damping-off of seedlings of pine (7) and deciduous trees 
(15) was directly correlated with increase in nitrogen content of the soil. 
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For the test described here, flats of riverbottom sand were steamed and 
N, P, and K supplied singly and in all possible combinations. The nutrients 
were added as calcium nitrate, Ca(NO,),.°4H.O, monocalcium phosphate, 
Ca(H.PO,).: H.O, and potassium sulfate, K.SO,, at rates of 90, 280, and 
240 lb. per acre, respectively, of N, P.O;, and K,0O. Half of the flats of each 
fertilizer treatment were inoculated with Pythiwm and half were not inocu- 
lated. Inoculated and noninoculated flats with no fertilizer treatment were 
also included. Seedings were then made with alfalfa, red clover, and 
Sudan grass. Each treatment was replicated three times and the experi- 
ments with alfalfa and red clover were repeated; those with Sudan grass 
were made three times. 

In noninoculated sand, fertilization had no effect on emergence. When 
Sudan grass was grown in Pythium-infested sand containing no fertilizers 
the stand for all three tests averaged 23.0 per cent. The average stand for 
Sudan grass grown in infested sand containing different fertilizer treat- 
ments varied from 39.7 to 45.0 per cent. Stands of alfalfa and red clover 
showed no benefit from fertilizer treatment in Pythium-infested sand. In 
general, increase in stand of Sudan grass was correlated more with the 
addition of any fertilizer than with a particular combination of N, P, or K. 
These results suggest that additions of mineral fertilizers may aid Sudan 
crass partially to overcome detrimental effects of Pythium infection similar 
to that described for several other crops. 


EFFECT OF SOIL REACTION ON DAMPING-OFF 


According to Garrett (5), a number of diseases are favored by soils 
of acid or alkaline reaction. Most prominent among the diseases favored by 
acid soils are the vascular wilts caused by different species of Fusarium. 
Conversely, Ophiobolus graminis and Rhizoctonia solani developed faster in 
alkaline soils. Beach (2) reported that damping-off of spinach, beet, and 
tomato was greatly accelerated below pH 6.5. Buchholtz (3) reported that 
damping-off of alfalfa was more severe in acid than in alkaline soil. 

For the present tests, the reaction of a soil-sand mixture was adjusted 
with calcium earbonate and sulfurie acid to the following pH values: 5.5, 
6.7, 7.5, and 8.2. Following steam sterilization, part of the soil at each pH 
was infested with Pythium; the noninoculated portions served as controls. 
Seeds of alfalfa, red clover, and Sudan grass treated with Spergon, Arasan, 
New Improved Ceresan, Semesan, and Yellow Cuprocide were then sown 
in inoculated and noninoculated soil at each pH level. For each treatment, 
200 seeds were sown in each of three replicates, and the experiment was 
repeated. 

Within the range tested, soil acidity had little effect on emergence of 
seedlings, with the exception that seeds of alfalfa treated with Yellow 
Cuprocide and planted in Pythium-infested soil produced progressively 
fewer seedlings as alkalinity of the soil was increased. This effect was not 


observed with red clover or Sudan grass. 
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In a supplementary experiment, the effect of soil pH on longevity and 
virulence of Pythium was studied. For the test, 1-gal. pots of steamed soil 
were adjusted to the pH levels 5.5, 6.7, 7.5, and 8.2. One series of pots at 
each pII was inoculated with Pythiwm and a duplicate series was left as 
a noninoculated control. Immediately following inoculation, seeds of alfalfa 
were sown in duplicate pots of the inoculated and noninoculated series at 
each pH. The remaining pots of the inoculated and noninoculated series 
were kept moist, on a greenhouse bench. At 2-week intervals for 6 weeks, 
alfalfa was sown in duplicate pots in each series. Stand counts of seedlings 
that emerged were made 2 weeks following sowing. 

There was no appreciable difference in virulence or longevity of Pythium 
at the four pH levels even when infested soil was incubated for 6 weeks. 
This result supported parallel tests, indicating that soil reaction within the 
range tested was not a major factor influencing damping-off. 


RELATION OF SOil, MOISTURE TO EFFECTIVENESS OF VARIOUS FUNGICIDES 


For the test. a mixture of three parts Hagerstown silt loam and two 
parts sand was placed in 1-gal. glazed pots. Soil moisture levels were 
designated as saturated (29 per cent water), wet (21 per cent water), normal 
(16 per cent water, which approximated the moisture equivalent), low, 
and dry. Saturation was obtained by removing the stopper and immersing 
the pots to within 3 in. of the surface of the soil. The other levels of soil 
moisture were maintained by adding water daily through a glass tube that 
extended to a layer of sand at the bottom of the pot. At the moisture level 
designated as low an attempt was made to keep the surface of the soil slightly 
moist, but actually it was alternately moist and dry. The dry series was 
started at the same moisture content as the low-moisture series, but no 
additional water was added after the seeds were sown. 

Seeds of Sudan grass or alfalfa treated with Spergon, Arasan, New 
Improved Ceresan, Yellow Cuprocide, or Semesan were sown in each pot 
immediately after infesting the soil with Pythium. Untreated controls were 
included. Each treatment was replicated 6 times and the experiment was 
conducted twice. 

There was no marked difference in stand of seeds sown in wet and 
saturated soil or in low-moisture and dry soils. These data were therefore 
combined under saturated and low soil moisture, respectively. Since the 
results in each test with Sudan grass and alfalfa were comparable, the data 
were summarized in tables 3 and 4. 

Sudan grass and alfalfa behaved similarly at the different soil-moisture 
levels. More damping-off occurred as soil moisture was increased. How- 
ever, seeds treated with fungicides were protected, even in saturated soil. 
All fungicides with the exception of New Improved Ceresan at low soil 
moisture gave increased emergence of Sudan grass seedlings. Alfalfa 
treated with New Improved Ceresan was best protected against damping- 
off. In saturated soil, seeds treated with New Improved Ceresan and 
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TABLE 3.—Percentage stand of Sudan grass treated with different fungicides and 
plante j n Puthium nfe sted soil at diffe rent soil moisture le vels 


Treatment and percentage stand 
Moisture New 
Ck Spergon Semesan Arasan Improved 
Ceresan 


Yellow 
Cuprocide 


Low, 15 per cent 15.5 58.9 58.4 65.8 14.3 52.8 
Moderate, 25 percent 37.1 75.4 73.5 81.1 03.9 77.8 
Saturated 14.5 50.0 48.3 59.3 34.2 59.5 


Yellow Cuprocide occasionally produced seedlings that were noticeably 
dwarfed and in some cases greatly thickened and deformed. Toxicity of 


these two fungicides was apparently increased at high soil moistures. 


VIRULENCE OF PYTHIUM INCUBATED IN DRY AND MOIST SOIL 


Sterilized soil was placed in 1-gal. glazed pots. After the desired soil 
moistures, dry and moderately moist, were obtained, 20 pots at each moisture 
level were inoculated with Pythium. <A set of four inoculated and two non- 
inoculated pots at each moisture level were planted immediately with seeds 
of alfalfa. The remaining inoculated and noninoculated pots were left un- 
sown, but in the former the inoculum was covered with a thin layer of steamed 
soil before the pots were incubated in the greenhouse. Moisture was main- 
tained by daily weighing. 

At intervals, seeds of alfalfa were planted in each of four inoculated 
and two noninoculated pots. Soil in the dry pots was moistened only 
enough to permit seeds to germinate and produce seedlings. 

The average percentage stand for each treatment is shown in table 5. 
Alfalfa sown in Pythium-infested soil maintained at a high moisture level 
was severely damped-off even after 58 days’ incubation of the infested soil. 


lfalfa sown in Pythium-infested dry soil damped-off only when sown im- 


i< 


mediately after the soil was inoculated. When alfalfa was sown in dry, 
Pythium-infested soil, incubated 11 days, very little damping-off resulted. 
This indicated that Pythium could survive and remain virulent in moist 


soil for long periods, but was rapidly rendered impotent in dry soil. 


TABLE 4.—Percentage stand of alfalfa treated with different fungicides and planted 


j 


n Puthiu fested soil at different moisture levels 


Treatment and percentage stand 


Moisture New , 
” " ; Yellow 
Ck Spergon Semesan Arasan Improved 


Cuproecide 
Ceresan I 2 


Low, 15 per cent 16.4 18.0 19.6 22.7 30.5 21.3 
Moderate, 25 per cent 3.1 14.8 14.2 22.3 35.5 6.9 
Saturated 2.2 9.6 11.6 13.8 23.3 4.4 
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VIABILITY OF STORED SEEDS OF ALFALFA, RED CLOVER, LADINO CLOVER, 
AND SUDAN GRASS TREATED WITH DIFFERENT FUNGICIDES 


Leukel (11) reviewed the literature concerning recent developments on 
seed treatment. Cereals, flax, sorghum, and other crops were treated with 
different fungicides and survived storage, provided temperature, humidity, 
and moisture content of the seed were favorable. Flax appeared to be 
susceptible to injury from organic mercurials. In an earlier note (9) it 
was reported that seed of alfalfa, red clover, and Ladino clover treated with 
different fungicides survived long periods of storage. Seed of Sudan grass 
also withstood prolonged storage after treatment with various fungicides 
except excess New Improved Ceresan. 

Seeds of each of the species to be tested in these experiments were 
treated with New Improved Ceresan, Semesan, Arasan, Spergon, and 
Yellow Cuprocide. Samples of the treated seeds along with untreated 
controls were stored in cloth bags on an open shelf, or buried in wheat. 
Others were stored in tightly stoppered bottles. Samples of each seed lot 
were stored at 10° C. and 25° C. under prevailing atmospheric humidities. 

TABLE 5.—Percentage stand of alfalfa planted at intervals in steamed and Pythium 
infested soil incubated at two moisture levels in a greenhouse 

Planting period 


Treatment — . 
Immediately 11 days 24 days 39 days 58 days 


Noninoculated moist 66.7 71.7 76.5 86.2 78.0 
Inoculated moist $3 10.0 12.2 19.2 10.0 
Noninoculated dry 717 70.5 78.5 83.0 78.0 
Inoculated dry ey 70.1 81.2 86.8 71.8 


Germination tests were made periodically, both in Petri dishes and in flats 
of soil. In most cases, duplicate germination tests were made on each sample. 

Several preliminary tests were made to determine whether the presence 
of fungicide during swelling of the seed and subsequent germination was 
inhibitory. Seed of each species treated with the different fungicides was 
washed several minutes by directing a fine stream of tap water on the seeds 
lying in the bottom of a Gooch crucible. . Parallel germination tests showed 
no difference between washed and unwashed seeds. All subsequent germ- 
ination tests were therefore made with seeds that retained a dressing of 
fungicide. 

After 30 months, treated seeds of alfalfa, red clover, and Ladino clover 
stored at 25° C. in open or closed containers showed no appreciable injury 
from any of the fungicides. At 10° C. all treated seeds as well as the controls 
that were stored in open bags or buried in wheat were 40 to 60 per cent 
lower in germination than similar seed stored at 25° C. Germinability of 
seeds stored in stoppered bottles at 10° C. was not reduced appreciably. 
The exposure to a higher humidity of seed in open containers at 10° C. 
probably accounts for the differential germination. 
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Germination tests made in flats of soil corroborated results obtained in 
Petri dishes. 

Seeds of Sudan grass treated with most of the fungicides responded 
similarly to those of the legumes. As expected, New Improved Ceresan 
at excess dosage caused appreciable injury under all storage conditions 
within 1 month after treatment. After 6 months seed of Sudan grass treated 
with excess New Improved Ceresan was no longer viable regardless of 
storage condition. None of the other fungicides injured germinability of 
Sudan grass 


FIELD TESTS WITH SEED TREATMENTS 


Extensive field tests were made during a 3-year period with alfalfa, red 
clover, and Sudan grass. Seeds of each species were treated with a fungi- 
cidal dust and the excess screened off. In addition to fungicides tested in 
the greenhouse, the following were used in some of the field experiments: 
Dow 6 (Trichlorophenol) and U.S.R. 604 (98 per cent 2, 3, dichloro, 1, 4, 
naphthoquinone)*. For each test, individual lots of 100 or 200 seeds were 
treated with fungicides. The plantings comprised treated and untreated 
seeds randomized within three or four replications. All of the tests the first 
year were made in the vicinity of State College, Pennsylvania, but suc- 
ceeding tests were made on farms in different counties in Pennsylvania, 
including the local area, and at Ithaca, New York, Kingston, Rhode Island, 
and New Brunswick, New Jersey. 

Most of the experiments were conducted in rows or in small plots. In 
some cases the seeds were planted in freshly plowed soil; in others, small 
plots were spaded or prepared with a hoe or rake. When seeds were not 
planted in rows they were sown in small individual plots 12-18 in. square. 
Seeds of each species were sown on the surface of the prepared soil and either 
raked and tamped or covered with a thin layer of pulverized soil. Some 
of the tests with alfalfa and red clover were sown in small plots or in strips 
between the drill rows of the fall-sown winter wheat. In these tests the 
seeds were sown in March or April on the surface of honeycombed soil. 
Stand counts were made when the seedlings were several inches tall. 

Sudan Grass. Of the three crops tested in the field, Sudan grass gave 
the greatest and most consistent increase in stand from seed treatment. 
Data for 1942 (Table 6) typify results obtained from similar tests at State 
College, Pennsylvania, in 1943 and 1944. 

Most Sudan grass in the northern United States is normally sown in 
late May or June. In these tests there was an appreciable response to treat- 
ment with different fungicides in a planting made as early as May 9. 
Earlier sowing, as in a planting made April 17, was not satisfactory because 
of cool, wet weather which delayed germination and emergence of seedlings. 
In all of the remaining tests, seeds of Sudan grass treated with Spergon 
and Semesan yielded stands significantly better than did untreated controls. 
With the exception of the April 17 planting, seeds treated with Arasan and 


Supplied by the Dow Chemical Co. and the Naugatuck Chemical Division, United 


States Rubber Co., respectively. 
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Yellow Cuprocide also gave appreciable increases in stand. In most tests, 
seeds of Sudan grass treated with excess New Improved Ceresan gave 
poorest stands, though the injurious effects observed in the field tests were 
not so pronounced as in the greenhouse. Similar results were obtained in 
tests at State College, Pennsylvania, in 1943 and 1944. 

In tests at Ithaca, New York, New Brunswick, New Jersey, and Kingston, 
Rhode Island, an appreciable increase in stand from seed treatment was 
obtained in the New Brunswick plantings. In one out of three tests at 
Ithaca, seeds treated with Arasan produced an average stand of 71.0 per 
cent and the untreated controls averaged 61.2 per cent. 


TABLE 6.—Percentage stand of Sudan grass treated with various fungicides and 
planted at State College in 1942 


Planting date 


re 2 2 ’ Average 
Treatment a Z ma oi 2 2  TotalAv. exclusive 
K a p oN =. a of Apr. 17 
< ant = Z. vA 6 
Check 34.0 46.6 42.3 46.6 33.3 42.0 33.1 39.7 40.6 
Spergon 33.6 71.0 50.0 53.5 53.3 49.5 48.1 51.3 54.2 
Semesan 38.3 70.6 58.0 54.8 41.8 49.8 44.5 51.1 53.2 
Arasan 29.6 67.0 51.6 51.8 39.0 55.8 37.1 47.4 50.4 
New Improved 
Ceresan 36.3 63.0 26.0 43.6 31.8 8.5 33.3 34.6 34.4 
Yellow Cuprocide 24.6 61.3 66.3 515 36.8 438.6 37.5 45.9 49.5 


a Each test three replications, 100 seeds per plot. 

» Each test three replications, 200 seeds per plot. 

¢ Least difference: (P=0.05) =7.97 per cent. The two sets of data were analyzed 
separately before pooling to obtain the least difference for significance. 


The average percentage stand in plots sown at New Brunswick on June 
8 and June 21, was as follows: control, 46.8; Arasan, 65.5; Semesan, 62.3; 
Spergon, 60.5. Another test planted June 28 could not be properly evalu- 
ated because hot, dry weather resulted in poor seedling emergence. There 
was no increase in seedling stand of Sudan grass sown at Kingston. 

The effect of fungicides on seedling stand of Sudan grass for the 3-year 
period covering all tests is summarized in table 7. Seeds treated with 
Spergon, Arasan, and Semesan yielded the greatest average increase in 
stand for the 3-year period. Seeds treated with U.S.R. 604 yielded a 
substantial increase in stand for the one year the fungicide was tested. 

Alfalfa. All tests with alfalfa in 1942 were conducted in small plots at 
State College, Pennsylvania. Yellow Cuprocide, Spergon, and Arasan 
(Table 8) gave the greatest average increase in stand for these tests. 

Field tests during 1943 were made at State College and in different 
parts of Pennsylvania. At State College, twelve plantings were made from 
March 22 to May 5. In addition, 18 plantings with treated seeds of alfalfa 


were made on farms in 15 counties (Table 9%). 
Stands from treated seeds of alfalfa in tests at State College were not 
consistently better than the controls. Tests in different parts of Penn- 
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TABLE 7.—Comparison of fungicides on seedling stand of Sudan grass over a three. 


Fungicide 
New 
, Yellow ; 7 . USS. 
Spergon Arasan , — Semesan Improved Dow 6 ‘ R. 
Cuprocide ‘ 604 
Ceresan 
No. of experiments 23 20 16 14 13 3 3 
No oT replications 79 67 51 49 39 12 12 
Av. pereentage 
stand treated d1.7 52.9 44.2 55.1 35.0 31.6 45.6 
Ay s J reentage 
stand untreated $4.7 15.2 40.9 47.9 42.6 37.4 37.4 
Av. pel ntage 
crease stand 7.0 i i 3.0 1.2 — 7.6 5.8 8.2 


sylvania showed a wider range in response, but the treatments were signifi- 
eantly better than the controls at only a few locations. 

In 1944 tests with alfalfa were conducted at State College and on 17 
farms in 15 counties throughout the State. Only one of the three tests at 
State College showed appreciable advantage for treated seeds. In tests 
elsewhere in Pennsylvania, results were similar to those obtained in 1943. 

Red clover. In field tests at State College, Pennsylvania, during 1942, 
treated seeds responded erratically to the fungicides. Arasan was the only 
treatment significantly better than the control (Table 11). 

Field tests in 1943 consisted of 12 plantings at State College and 21 
plantings in 16 counties throughout the State (Table 10). In tests at 
State College, treated seeds of red clover behaved similarly to alfalfa in 
showing no measurable response to treatment with a fungicide. Tests with 
treated seeds of red clover planted in different parts of Pennsylvania showed 
that stands from treated seeds were significantly better at a limited number 
of locations, but in general the influence on stand was more pronounced than 
with alfalfa. There was no appreciable difference in response of red clover 
to the different fungicides. 

In 1944, tests with red clover were made at State College in small plots 


TABLE 8.—Percentage stand of alfalfa treated with different fungicides and 
jlanted at State College, Pe nnsylvania, in 1942Za 


Treatment 
Planting New ‘ 
date Cheek Spergon Semesan Arasan Improved Y ellow 
, x Sekiaies Cuprocide 
May 9 28.0 33.0 33.0 35.0 30.3 34.3 
June 1 38.7 50.7 54.7 45.0 49.0 56.0 
Aug. 25 17.2 Za.0 20.7 30.7 15.5 23.5 
Sept. 2 17.8 23.8 19.7 21.3 15.3 29.0 
Sept. 14 99 0) 30.3 29.7 28.3 33.4 24.8 
AY 24.7 Sou 27.6 32.0 28.8 33.5 


Treatments not significant at 5 per cent level. 
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TABLE 9.—Percentage stand of alfalfa treated with different fungicides and 
planted on 18 farms throughout Pennsylvania in 1943* 


Treatment 


County New Yellow 
Cheek Spergon Arasan Improved Oninnside 
Ceresan — 

Berks 49.0 54.8 45.5 54.6 53.6 
Clearfield 23.6 29.3 31.5 26.3 32.8 
Do 5.5 6.1 ye 9.8 6.5 
Columbia 20.5 $7.3" 27.8 28.0 30.8 
Erie 35.0 45.1 43.6 §3.5* 46.3 

Forest 38.3 51.0* 48.8* 54.6* 46.1* 
Franklin 62.0 57.5 64.1 51.6 55.0 
Do 40.0 34.8 37.8 33.3 43.1 
Do 57.6 69.1 63.0 50.3 55.1 
Jefferson 34.8 39.1 49.6 61.0* 52.5 
Juniata 66.6 69.1 65.5 53.0 60.5 
Lehigh 55.1 49,1 46.3 50.1 53.3 
Lycoming 54.6 47.6 44,1] 51.3 42.5 
Northampton 63.6 59.5 52.8 52.0 63.5 
Potter 20.0 19.] 20.0 20.6 18.3 
Schuylkill 59.0 54.8 53.3 57.6 61.1 

Somerset 31.6 48.5* 45.3* 50.0* 45.3* 
Susquehanna 52.0 50.3 46.5 57.1 57.1 


* Treatment significant at 5 per cent level when compared with the check. 


and in several large-scale field tests. In addition, test plots were sown on 
farms in 10 counties in the State and at Ithaca, New York, and Kingston, 
Rhode Island. 


TABLE 10.—Percentage stand of red clover treated with different fungicides and 
planted on 21 farms throughout Pennsylvania in 1943* 


Treatment 
County New Viiow 
Check Spergon Arasan Improved Cc 2 cid 
Cicdnien uprocide 

Berks 43.6 61.6 52.3 48.6 56.0 
Carbon 42.1 44.8 56.0* 53.3" 48.3 
Clearfield 37.1 23.5 35.0 35.1 37.0 
Do 34.3 31.3 38.5 31.0 32.1 
Do 21.5 21.3 29.0 23.8 27.3 
Columbia 7.0 46.1 35.7 30.0 36.8 
Delaware 47.5 52.8 50.5 45.0 55.3 
Erie 52.0 44.0 43.6 47.5 48.0 

Forest 46.0 45.3 50.6 54.8* 54.0* 
Franklin 40.9 40.8 36.5 35.0 33.8 
Do 16.0 7.6 16.6 22.6* 13.6 
Do 21.8 24.3 32.8* 26.6 28.5 
Jefferson 58.1 62.3 53.8 56.8 52.3 
Lehigh 48.8 48.0 50.0 53.5 53.8 
Lycoming 15.5 20.0 16.1 24.8 17.0 
Northampton 65.3 68.6 58.1 67.3 62.8 
Schuylkill 38.0 43.5 39.6 27.8 29.6 

Somerset 23.6 40.0* 40.3* 41.0* 37.5* 
Susquehanna 43.8 43.0 41.0 48.8 51.8 

Warren 50.5 59.3* 62.1* 67.5* 64.8* 
Unknown 14.6 21.6* 29.6* 22.3* 19.0 


* Treatment significant at the 5 per cent level when compared with the check. 
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In table 11, stand counts demonstrate that treatment with fungicides 
improved stands in three of the four tests at State College. The lack of effect 
from fungicide treatment in one of the tests is attributed to low moisture 
since the stands in both treated and untreated plots were extremely poor. 

Large-scale tests were made in five widely separated fields comprising 
approximately 12 acres on farms of the Pennsylvania State College at State 
College. A mixture of alsike and red clover was treated with Spergon or 


TABLE 11 Percentage stand of red clover treated with different fungicide 8S and 


planted t State Colle ge, Pe ni? sylvania, and else where in 1942 and 1944 


Treatment 


ee nen New Yellow 
MANTING a Le 1 . 7 Clio 
I as Check Spergon Semesan Arasan Improved , 
‘ ( uprocide 
Ceresan 
State g 142 
Ma ) 20.0 8.3 22.0 32.3 27.7 28.0 
Jul 5 10.0 35.7 43.3 47.0 38.7 41.3 
Aug. ; 1.2 0.2 29.0 30.0 32.0 25.8 
Sept 27.2 1.7 23.5 29.7 28.0 30.7 
se] : 32.3 1.5 27.3 38.7 34.7 33.2 
\ 0.2 Sel 29.0 5.5" 32.2 31.8 
State ( re, 1944 
Apr 32.0 in Ss 38.5 $1.5 
Apr 8 68.7 85.2 81.2 76.5 
M: 17.2 7.7 12.0 16.5 
Ma 18.7 4.2 26.2 25.5 
Av. $.] $1.3 39.5 40.0 
Ithaca, New York, 1944 
May 5 24.2 32.0 32.2 38.0 
May 15 63.0 64.7 67.0 71.0 
May 2¢ 10.0 12.0 13.2 11.0 
Av. $2.4 $6.2 47.4 50.0 
Kingston, Rhode Island, 1944 
May 3 62.2 66.7 63.0 70.0 
M 15 65.5 69.7 69.7 66.7 
May 25 60.0 61.0 64.0 66.2 
\ 62.6 65.8 65.5 67.6 
lg int t 5d per cent leve l when com} ared with the check. 


New Improved Ceresan. One portion was left as an untreated control. 


Seeds were treated with Spergon at the rate of 4 oz. per bu. and with New 
Improved Ceresan at the rate of 2 oz. per bu. The seeds were thoroughly 
coated with fungicide by rotation in a barrel treater. Treated and un- 


treated seeds were sown from cyclone seeders in strips 18—20 ft. wide, with 
he exception of one 2}-acre field in which seed treated with Spergon and 
untreated seed was sown in alternate strips 60 ft. wide. All seed was sown 
during the first week in April. Stand counts were made by counting the 
number of seedlings within a metal ring 1 ft. in diameter that was tossed at 
random within the borders of a strip. The average number of seedlings 
in ten random tosses was compared with similar measurements in the check 
STTIDS 


From periodic observations and a comparison of stand counts in treated 
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and untreated strips, it was evident there were no pronounced differences 
in the fields. Stand counts showed a slight advantage from seedlings that 
emerged from treated seed, but the differences were too slight for any gross 
observable effect. 

Results of tests conducted on farms in 10 counties in Pennsylvania were 
similar to those in 1943. There was no appreciable increase in seedling 
stand from treated seeds. The positive results on some farms were offset 
by negative results obtained on others. 

Treated and untreated seeds of red clover were not planted at Ithaca, 
New York, until after May 1. According to data in table 11, seeds treated 
with Yellow Cuprocide yielded the greatest average increase in stand. 

In tests at Kingston, Rhode Island, small increases in stand were 
obtained from treated seeds of red clover. Seeds treated with Yellow 
Cuprocide (Table 11) gave the greatest average increase in stand. 

CONCLUSIONS 

Greenhouse tests demonstrated that treatment with fungicides protected 
seeds of alfalfa, red clover, and Sudan grass from damping-off in Pythium- 
infested soil under a variety of environmental conditions. In the field, 
however, only Sudan grass showed consistent increase in stand from treated 
seed. The presence of Pythium and the amount of infestation at a specific 
location would be expected to vary depending upon weather conditions, soil 
moisture, previous cropping practices including susceptibility of different 
species, etc. On some farms in Pennsylvania there was a marked increase 
in stand of alfalfa and red clover from treated seed, which suggests that 
treatment with a suitable fungicide may be advantageous in some eases. 
The comparatively small cost of treating seeds of alfalfa, red clover, and 
Sudan grass suggests that treatment with fungicides may be a useful pro- 
tective measure. 

SUMMARY 

Seed treatment for the control of damping-off of alfalfa, red clover, and 
Sudan grass was investigated in field and greenhouse tests. Cultures of 
Pythium from a number of hosts were tested for pathogenicity and a viru- 
lent isolate from alfalfa was selected for most of the studies. Preliminary 
tests demonstrated that no appreciable difference in infectivity occurred 
whether seeds were sown in freshly infested soil or soil incubated several 
days previously. Density of stand also failed to affect pre-emergence damp- 
ing-off, but post-emergence damping-off was increased in crowded stands. 

In the absence of Pythium, germination of seeds of alfalfa and red clover 
was not affected by treatment with New Improved Ceresan, Spergon, 
Arasan, Semesan, or Yellow Cuprocide. New Improved Ceresan at excess 
dosages impaired germination of Sudan grass, but the other fungicides did 
not. All of the fungicides protected seedlings from damping-off in Pythium- 
infested soil in the greenhouse. 


Stands of Sudan grass were improved by addition of mineral fertilizer 
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to Pythium-infested sand. Increase in stand was correlated more with the 
addition of any fertilizer than with a particular combination of N, P, or K. 

Soil reaction had very little effect on emergence of seedlings, with the 
exception that alfalfa treated with Yellow Cuprocide and planted in 
Pythium-infested soil at pH 8.2 produced fewer seedlings than did the un- 
treated controls at the same pH level. 

More damping-off occurred as soil moisture was increased, but treat- 
ment with fungicides decreased damping-off even in saturated soil. Pyth- 
ium remained virulent for long periods in moist soil, but became impotent 
quickly in dry soil. 

Treated seeds of alfalfa, red clover, and Ladino clover stored for 30 
months under favorable conditions showed no apparent injury from any 
of the fungicides. Seeds of Sudan grass treated with most of the fungi- 
cides responded similarly, with the exception that New Improved Ceresan 
eaused appreciable injury within 1 month after treatment, apparently due 
to overdosage. 

Field tests in many parts of Pennsylvania and at Ithaca, New York, 
Kingston, Rhode Island, and New Brunswick, New Jersey, during a 3-year 
period demonstrated that Sudan grass gave the greatest and most con- 
sistent increase in stand from treated seed. 

Depending upon location, response from treated seed of alfalfa and 
red clover varied from decreases to small, highly significant increases in 
stand. In general, treated seeds of red clover responded better than alfalfa. 

U. S. RecgionaL PASTURE RESEARCH LABORATORY 

STATE COLLEGE, PENNSYLVANIA 
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BEHAVIOR OF POTATO INTERNAL BROWN SPOT IN 
STORED TUBERS! 
BERNARD A. FRIEDMAN2 
(Accepted for publication March 2, 1950) 


The prevalence of internal brown spot in late-crop Long Island potatoes 
during the 1948 season offered an opportunity to study its behavior in 
tubers during storage, and to determine whether its presence predisposed 
them to decay. 

The storage lot consisted of twelve bags of Green Mountain potatoes 
grown near Easthampton, Long Island, and harvested on October 7, 1948. 
The truck load from which they were taken contained 20 per cent internal 
brown spot and had been rejected from U. 8S. No. 1 grade. Potatoes were 
brought to the laboratory on October 8, randomized, and weighed. The 
potatoes in four of the bags were examined immediately. The others were 
stored in a small experimental room in a commercial refrigerated warehouse 
at an average temperature of 49° F. (range 47°-51° F.), with an average 
relative humidity of 67 per cent (range 60-75 per cent). A second lot of 
four bags was removed and examined at the end of 80 days, and a third 
group of four bags after 143 days. 


TABLE 1.—Relationship of size of Green Mountain tubers to incidence and intensity 
of internal brown spot 





Percentage of , 
, 6 Disease 
Diameter of tubers tubers tubers : 
. index 
examined affected 
Less than 2 in. 348 7 3.3 
2 to 23 in. 824 16 9.0 
24 in. and over 94] 43 22.6 


When the examinations were made the tubers from each bag were sep- 
arated into two size-groups, those whose diameter was 23 in. and over and 
those less than 2? in., since it had been observed previously that the number 
of potatoes affected and the severity of internal brown spot increased with 
increase in tuber size. (See table 1.) All bags were found to contain ap- 
proximately the same proportion of tubers in the two size-groups. This 
relationship of size to internal brown spot had been previously noted by 
Larson and Albert® in investigations on an internal tuber discoloration in 
Wisconsin that was probably the same as that found on Long Island.‘ 

1 Part of a regional project on the marketing of potatoes in the Northeastern States 
conducted under the Research and Marketing Act of 1948. 

2 Associate Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture. 

3 Larson, R. H., and A. R. Albert. Physiological internal necrosis of potato tubers 
in Wisconsin. Jour. Agr. Res. [U. S.] 71: 487-505. 1945. 

‘Ramsey, G. B., J. 8. Wiant, and M. A. Smith. Market diseases of fruits and vege- 
tables: potatoes. U. S. Dept. Agr. Misc. Pub. 98. Rev. 1949. 
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The tubers were examined for internal brown spot by making several 
successive transverse slices about } in. thick at the bud end. The spotting 
of each potato was classified in regard to severity in four grades: trace, 
slight, moderate, or severe, depending upon the number and size of discol- 
ored areas in the tissue; and numerical values of 1, 2, 3, and 4, respectively, 
were assigned to the four classes. A numerical index indicating the in- 
tensity of the disorder for each sample was computed by multiplying the 
number of tubers in each class by the class value, adding these products, 
multiplying the total by 25, and finally dividing this product by the num- 
ber of tubers in the sample. The standards set up for the four classes of 


internal brown spot are illustrated in figure 1. 





Fic. 1 Standards for rating tubers with internal brown spot. Upper left, trace; 
lower left, slight; upper right, moderate; and lower right, severe. 

The results of the examinations of the three lots of potatoes (Table 2) 
show that at the end of 0, 80, and 143 days 26.1, 28.8, and 28.1 per cent, 
respectively, of the tubers were found affected with internal brown spot 
and that the disease intensity indices were 13.2, 16.6, and 13.9. These dif- 


erences were too small and variable to be significant and probably repre- 
sent chance variation in the samples. The data indicate that there was no 
significant change in either the number of infected tubers or in the in- 
tensity of the disease during storage. This conclusion agrees with the 
statement by Larson and Albert*® that ‘‘there was no measurable increase 
in the amount or severity of internal necrosis ... after a period of eight 


9 


months in storage at 40° F. 











1950 | FRIEDMAN: Potato Brown Spor 901 


TABLE 2.—Incidence of internal brown spot in tubers at time of digging and after 
80 and 143 days of storage 


Time Total Tubers with internal brown spot 


. Disease 
- tubers 9 46s See 
storage examined Trace Slight Moderate Severe Total ; 
Days No. No. Pet. No. Pet. No. Pet. No. Pct. No. Pet. 
0 1029 85 8.3 117 11.4 47 4.6 20 19 269 26.18 13.2 
80 1057 96 9.1 80 7.6 69 6.5 59 5.6 304 28.8> 16.6 
143 1022 13 133 92 9.0 56 5.5 26 2.5 287 28.1¢ 13.9 


4760 tubers (73.9 per cent) had no internal brown spot. 
b 753 tubers (71.2 per cent) had no internal brown spot. 
e735 tubers (71.9 per cent) had no internal brown spot. 


The weight loss during storage, excluding losses caused by decay, was 
3.5 per cent after 80 days and 7.9 per cent at the end of 143 days. 

Decay amounted to 2.0 per cent after 80 days of storage and to 2.2 per 
cent after 143 days. All decay was caused by species of Fusarium. When 
the potatoes were examined for decay the presence or absence of internal 
brown spot was noted. The data summarized in table 3 show that the in- 
cidence of decay in tubers not affected with internal brown spot averaged 
2.6 per cent, whereas there was only 0.7 per cent decay in tubers affected 
with internal brown spot. It should be noted that a few tubers were 
almost completely rotted and this would have obscured any internal brown 
spot lesions that might have been present. There were, however, very few 

TABLE 3.—Decay of tubers in relation to presence or absence of internal brown 
spot 


Pie be Incidence of decay in Incidence of decay in 
tubers affected with tubers not affected 
storage ° én s 
internal brown spot with internal brown spot 
Days Per cent Per cent 
80 0.7 2.5 
143 0.7 9.7 
Average 0.7 2.6 


such tubers and the incidence of decay in tubers unaffected by internal 
brown spot was much greater than in tubers with it. It appears unlikely 
therefore that internal brown spot predisposes potatoes to decay in storage. 


CONCLUSIONS 


No change was observed during storage in the number of tubers having 
internal brown spot or in the severity of the disorder. 
It appears unlikely that the presence of internal brown spot predis- 
poses tubers to decay. 
DIVISION OF FRUIT AND VEGETABLE CROPS AND DISEASES 
U.S. DEPARTMENT OF AGRICULTURE 
New York, N. Y. 








VARIETAL RESISTANCE OF SPRING WHEATS TO 
FUSARIAL HEAD BLIGHT! 


E. W. Hanson, E. BR. AUSEMUS, AND E. CC. STAKMAN? 
(Accepted for publication March 3, 1950) 


Fusarial head blight, caused chiefly by Gibberella zeae (Schw.) Petch., 
has been one of the most destructive diseases of wheat in the corn-growing 
area of the spring wheat region of the Upper Mississippi Valley (4, 6, 8, 14, 
15). Although the amount of blight can be reduced somewhat by refraining 
from growing wheat on corn land (1, 6, 8, 11, 14), cultural methods alone 
have not controlled the disease adequately ; therefore there is need for resist- 
ant varieties. Although some wheats are more resistant than others, none are 
highly resistant under all conditions. Consequently varieties with more 
resistance than any of those now being grown are needed. 

Considerable work has been done in efforts to obtain varieties resistant 
to head blight. In 1915, Hayes (10) made crosses between Marquis and 
Preston and Marquis and Haynes Bluestem with the hope of producing <¢ 
wheat as good as Marquis in quality and yielding ability but with more 
blight resistance. Christensen and Stakman (7) tested progenies from these 
erosses in artificially created epidemics and found that some of the lines were 
as resistant as the resistant parent and that some lines of Marquis x Preston 
appeared to be more resistant than either parent. In 1929, Christensen, 
Stakman, and Immer (8) reported the results of tests with more than 350 
spring varieties, selections, and hybrids of Triticum spp., including repre- 
sentatives of 7. vulgare, T. durum, T. compactum, T. dicoccum, T. turgidum, 
T. spelta, and T. polonicum. Although all of the wheats became infected, 
there were marked differences in their susceptibility. Other workers have 
also reported varietal differences in the susceptibility of wheats to this dis- 
ease (3, 4, 5, 12, 14, 16, 17, 18, 19, 21). 

The search for resistant material has been continued and extended in re- 
cent years at University Farm, St. Paul, Minnesota. This paper gives a 
report of the results of testing of varieties and hybrid progenies for their 
reaction to Fusarial head blight and includes also results of preliminary 
studies on the inheritance of resistance to this disease in certain crosses now 


being used in the wheat improvement program. 


MATERLALS AND METHODS 
During the past 20 years hundreds of spring wheat varieties and thou- 


1 Cooperative investigations between the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, United States Department of Agriculture, and the Minnesota Agricul- 
tural Experiment Station. Paper No. 2226 of the Scientific Journal Series, Minnesota 


Agricultural Experiment Station. 
Acknowledgment is due R. H. Bamberg for assistance with the varietal tests dur 
ing the early years of the study. The writers also wish to express their appreciation to 


J. J. Christensen and H. K. Hayes for helpful suggestions and for critically reading 
the manuscript. 
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sands of selections of hybrids of Triticum spp. have been tested for reac- 
tion to blight in the disease nurseries at St. Paul. Most of these wheats were 
provided by breeders in the United States but a large number of foreign 
introductions were also investigated. The tests were made in the field, both 
in the open and under shades designed to maintain high humidity. Plants 
grown in the open were sown in single 6-ft. rows; those to be shaded 
were sown in 5-ft. rows and arranged in 29-row beds so that 116 rows 
could be covered by a 25 x 30-ft. tent. In most years shade was provided by 
means of muslin tents, in 1943 lath shades were used, and in 1944 and 1945 
conditions were so favorable for blight development that no shades were 
needed. The shades were erected at the time the earliest varieties began 
heading and were used for 2 to 4 weeks or until the data had been obtained. 
It was found desirable to arrange the materials in the nursery according to 
time of heading so that early wheats would be in one group and late wheats 
in another. This was possible, of course, only when the relative date of 
heading was known at the time of seeding. All materials, shaded and non- 
shaded, were artificially inoculated at intervals of a day or two from head- 
ing time until the medium dough stage, which covers the period during 
which infection usually occurs (1, 2, 3, 4, 9, 20). The heads of the plants 
were sprayed with a suspension of spores and hyphae of the blight organ- 
isms. Spraying was done in the evenings, except on cloudy days when it 
could be done earlier, and in so far as possible was done after rains or on 
evenings when heavy dews were expected. 

The inoculum used comprised a mixture of races of blight-producing 
organisms, including Gibberella zeae and several species of Fusarium iso- 
lated from wheat, barley, and corn from the principal wheat-growing areas 
of Minnesota, plus a few isolates from Wisconsin, lowa, North Dakota, and 
South Dakota. The fungi were increased on an autoclaved mixture of 
wheat, oats, potatoes, and a small amount of dextrose in 1-qt. glass jars. 
From these cultures a suspension of spores and hyphae was then made for 
spraying the lines and varieties of wheat in the tests. 

When moisture conditions are favorable for blight development the 
relative resistance and susceptibility of wheat varieties can be determined 
satisfactorily in ordinary nonshaded plots. In dry years, however, it is 
necessary to spray the plants with water several times each day and to pro- 
vide some shade to maintain sufficiently high humidity for adequate blight 
development. Usually there is no difficulty in creating a severe epidemic 
of blight under these artificial conditions; the problem is to control the de- 
velopment of the epidemic so that it does not become too severe, thus making 
it difficult or impossible to determine real differences between varieties. In 
1938, the epidemics in the tents became so heavy that all varieties were 
severely attacked. Resistance to blight is relative and no varieties yet 
studied have been immune or even very highly resistant under optimum 
conditions for the pathogen. The severity of epidemics in tents can be con- 
trolled by reducing the relative humidity in the atmosphere around the 
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plants. This is done by limiting the frequency of water applications, by 
rolling up the sides of the tents occasionally to increase air circulation, or 
by using shades of lath instead of cloth. As laths can be spaced to provide 
only partial shade, the severity of an epidemic in such an inclosure is usually 
intermediate between that under a cloth tent and that under natural condi- 
tions. Lath shades were used instead of cioth tents in 1943 and proved 
very satisfactory, as indicated by a correlation coefficient of + 0.88 between 
the infection percentages on the materials grown under these shades and 
in field plots with no shade. The correlation coefficients between the infee- 
tion percentages on materials grown under muslin shades and in field plots 
with no shade for 1942, 1941, and 1939 were + 0.64, + 0.54, and + 0.67, re- 
spectively. All of these coefficients exceeded the values necessary for signifi- 
cance at the 1 per cent level. Since no blight developed on the nonshaded 
plots during the dry summer of 1940, or during the drought period from 
1933 to 1937, the relationships between data from shaded and nonshaded 
plots could not be studied for these years. In 1938 the epidemic on the 
shaded plots was severe; the correlation coefficient was somewhat lower 
than for other years but was still positive. These results indicate that there 
is good agreement between data from shaded and nonshaded plots. Because 
of the extra work involved, shades would ordinarily not be used when 
weather conditions permit the creation of an epidemic without them. In 
dry years, however, some means of increasing the humidity of the atmos- 
phere around the plants is essential and shaded plots will give reliable data, 
provided the epidemic is properly controlled. 

The percentages of head blight for the varieties and hybrids in the 
‘“‘variety-testing’’ phase of the work were determined shortly before ma- 
turity, when the effects of the disease still were clearly visible. This read- 
ing was based on an estimate of the total head area affected by the disease. 
In the ‘‘inheritance’’ phase of the breeding work this same type of note was 
used, and, in addition, the plants were harvested and threshed individually, 
and the percentage of diseased kernels was determined by actual count. 
This latter reaction, called ‘‘seed reaction,’? was determined by dividing 
the number of blight-infected kernels by the total number of kernels per 
plant and expressing the infection in per cent. Before seed reaction can be 
determined, it is necessary to hand-thresh the grain and actually pick the 
smaller blighted kernels out of the florets. This is a time-consuming pro- 
cedure and limits the amount of material that can be handled. Christensen, 
Stakman, and Immer (8) found a high correlation between the percentage 
of blighted heads and the percentage of blighted seeds under a given set of 
conditions, and concluded that for plant-breeding purposes data on head 


e 


infection might be used as a substitute for notes on percentage of infected 
seeds. In the varietal tests, therefore, only head reactions were determined. 

The inheritance studies were made on nonshaded field plots on crosses 
between some of the most blight-resistant selections and two of the newer 


rust-resistant varieties. Seed-blight notes were taken on the F. generation 
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of several crosses and two of these crosses were studied further to determine 
head and seed reactions. 
RESULTS 
Interannual relationships. The relative reactions of wheats to Fusarial 
head blight tend to be similar from year to year. The interannual correla- 
tion coefficients obtained in this study are given in table 1. Successive years 


TABLE 1.—Interannual correlation coefficients for head reaction to Fusarial head 
blight of varieties and hybrids of spring wheat, grown in shaded and nonshaded plots 
at St. Paul, Minnesota, during the years 1936 to 1945 


Kind of plots Number 
and years of r 
correlated varieties 
Shaded 
1936-37 99 + 0.22* 
1937-38 56 + 0.12 
1938-39 58 + 0.46** 
1939-40 65 + 0.19 
1940-41 63 + 0.55** 
1941-42 69 + 0.36** 
1942-43 57 + 0.40** 
Nonshaded 
1938-39 58 + 0.50** 
1939-4 1a 52 + 0.64** 
1941-42 69 + 0.60** 
1942-43 70 + 0.49** 
1943-44 57 + 0.48** 
1944—45 82 + 0.67** 
* Exceeds the 5 per cent level of significance. 


** Exceeds the 1 per cent level of significance. 
a No blight in 1940. 


were correlated because of the larger numbers of varieties common to both 
years for such comparisons. Positive correlation coefficients were obtained 
for all data for all years, showing that there was agreement between the re- 
sults for the different years. In the nonshaded plots, all of the coefficients 
exceeded the values necessary for significance at the 1 per cent level. In 
the shaded plots, five of the seven coefficients were significant and two were 
not significant. A possible explanation for the smaller coefficients in the 
shaded plots for certain years, particularly during the early part of the 
study, is that it was not always possible to expose all of the wheats to the 
epidemic for exactly the same length of time. While every attempt was 
made to treat all varieties alike, early and late varieties could be grouped 
separately only when their relative dates of heading were known in advance 
of seeding. Segregation is important, particularly in shaded plots, where 
the epidemic becomes more severe because early varieties become susceptible 
first and consequently are exposed to the epidemic for a longer period than 
the later varieties. In recent years this difficulty has been largely elimi- 
nated through proper grouping of early and late varieties and a more ade- 
quate knowledge of controlling blight development. With a moderately 
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severe epidemic, susceptible wheats can be readily eliminated in one or two 
years of testing. Resistant selections probably should be tested for at least 
three years to make certain that they are not escapes. 

Effect of time of heading. Under Minnesota conditions early varieties 
tend to develop more blight than late varieties. Environmental factors are 
undoubtedly responsible for at least some of this difference. The results of 
the study of the relationships between time of heading and varietal reaction 
to blight are summarized in table 2. Fourteen of the 15 correlation coeffi- 


TABLE 2.—Relationships between time of heading and reactions to Fusarial head 
blight n shaded and nonshaded plots of spring wheats grow nat St. Paul, Minnesota, 
during 136 to 1945 inclusive, as indicated by correlation coefficients 


Time of heading and blight infection 


Ye Nonshaded plots Shaded plots 

n r n ! 
1936 152 — 0.28** 
1937 99 — ).68* 
1938 144 — 0.02 139 — 0.16 
1939 102 — 0.41** 102 0.46** 
1940 99 — 0.08 
1941] 197 — 0.32** 142 — 0.36** 
1942 185 0.15 185 LO.05 
1943 115 —- 0.12 115 -—0.12 
1944 8] — 0.44** 
1945 209 - ().59** 


* Exceeds the 1 per cent level of significance. 


cients calculated were negative and one was positive. For the nonshaded 
plots, all of the seven coefficients were negative, four of them being signifi- 
eant. For the shaded plots, seven of the eight coefficients determined were 
negative, four of them being significant ; one coefficient was positive but of 
a very low order and was not significant. While it was very clear in some 
years that late varieties developed less blight than early ones, this tendency 
was less apparent in other years. It will be noted that seven of the fifteen 
correlation coefficients calculated were not significant, showing that there is 
not always a high degree of correlation between time of heading and percent- 
age of head blight. While there is a whole complex of factors affecting 
blight development, some of which are still too imperfectly known to permit 
full explanation, the primary factor that determines whether early or late 
varieties will have most blight under Minnesota conditions seems to be mois- 
ture, although temperature also is important. If the weather conditions 
are more favorable for blight development during the critical period from 
flowering to the medium-dough stage early in the summer, the early varieties 
have most blight; this is most commonly the case in Minnesota. On the 
other hand, when conditions are more favorable im in the summer, the late 
varieties have the highest percentages of infection. Since, during the last 
decade, the weather conditions were rarely if ever more favorable late in 











1950] HANSON ET AL: HEAD BLIGHT ON SeRING WHEATS 907 


the summer, the writers present no evidence for this contention. Only in 
1942, on shaded plots, was a positive correlation coefficient between date of 
heading and percentage of head blight obtained and this was too small to be 
significant. However, prior to these studies the writers have seen years 
when conditions were more favorable for blight late in the summer and as a 
consequence the later varieties did have more blight than the earlier ones. 
Christensen, Stakman, and Immer (8) reached essentially the same conclu- 
sion. In 1923, 1925, 1926, and 1927, they sowed the same varieties on uni- 
form land at different dates of seeding and found that in the first three 
years of their experiment the early seedings developed the most blight, but 
that in 1927 conditions were reversed and the late seeding had the most 
blight. Arthur (5) reported that in Indiana late seedings developed more 
blight than earlier seedings, but he was studying fall-sown wheats and his 
results were for a single year. Immer and Christensen (13) studied the re- 
lationships between time of heading and reaction of barley to head blight 
and found a significant negative regression of Fusarium or Helmintho- 
sporium blight on time of heading in seven out of ten tests made in shaded 
plots. In their other three tests two of the regression coefficients were posi- 
tive and one was negative but none of these proved significant. 

Varietal reactions. There is a wide range in the resistance of spring 
wheats to Fusarial head blight. No wheats yet studied have been immune, 
but varieties do range from moderately resistant to highly susceptible under 
average field conditions. Since thousands of wheats were tested during this 
study, only a few of those which have been of commercial importance or of 
special interest to the plant breeder will be considered here. Most of the 
large and diverse group of wheats investigated were too susceptible to have 
any value as sources of resistance to this disease, consequently data regard- 
ing them are not given. 

Since there was a relationship between the time of heading and percent- 
age of head infection and since the magnitude of this relationship varied 
from year to year, adjustments were made to attempt to place the varieties 
on a comparable basis. Regression coefficients for percentage head blight on 
time of heading were caleulated for each year, the indicated adjustments in 
percentages of blight were made, and then the adjusted percentages were 
averaged for all years. Tables 3 and 4 give the observed and adjusted per- 
centages of head infection in nonshaded and shaded plots, respectively. 
Apparent discrepancies in the average percentages of head infection ad- 
justed for time of heading are in reality not discrepancies. They are due to 
the fact, previously stated, that the effects of time of heading on head blight 
varied from year to year so that greater adjustments for differences in time 
of heading were necessary in some years than in others, and when such ad- 
justed percentages are averaged they may not agree absolutely with the 
average times of heading for the same years. 

Progress, Haynes Bluestem, Cadet, and Rival were among the most re- 
sistant wheats studied. Some of the newer hybrids, not discussed in this 
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TABLE 3.—Average percentage of Fusarial head blight and average time of head- 
pring wheat varieties grown in nonshaded field plots at St. Paul, Minnesota, 
tj jear pe riod from 1938 to 194548 


Average percentage of 


head infection Average time 
CI. No. of heading 
; Adjusted for in terms 
Observed time of of Thatcher 


heading 


H S stem 2874 17 29 + 5.3 
Progress 6902 21 16 + 0.3 
Cadet 12053 21 30 + 4.5 
Riva 11708 29 23 + 1.2 
P 11945 25 27 3.3 
Hope 8178 25 30 1.6 
Mic 12008 31 28 0.0 
Ceres 6900 37 37 2.6 
Marquis 3641 37 39 3.6 
Merit 12036 4] 39 + 1.5 
Thatch 10003 17 44 0.0 
Marqui 6887 a4 44 —1.] 
Newtl 12318 60 56 0.6 
Regent 1207 61 57 0.5 
Renow! 11947 64 60 “ 

No ght developed in the nonshaded plots in 1940. 

C3 enotes accession number of the Division of Cereal Crops and Diseases (for- 
merly Off of Cereal Investigations), Bureau of Plant Industry, U. 8. Department of 
ig 


Plus figures indicate number of days later than Thatcher; minus figures give number 
r than Thatcher. The average date of heading for Thatcher was June 28. 


TARLE 4 1verage per tage of Fusarial head blight and average time of head- 
) wheat varieties grown in shaded field plots at St. Paul, Minnesota, 


fron 139 to 19438 


Average percentage of 


head infection Average time 
of heading 
Adjusted for in terms 
Observed time of of Thatchera 


I 


eading 





Progress $4 $2? Q.2 

Haynes |] 16 {8 + 5.0 

Cad 57 59 1.8 

Mida 65 64 0.4 

R 69 68 1.2 

Mat 7 72 1.2 

Mar 70 1.2 

P 73 4 

Hoy 74 0 

Me 77 77 1.8 

TT} Ri) 79 0.0 

N ] 85 84 0.6 

Ceres 85 85 6 

Reg 9] 90 0.4 

Ret 92 9] 0.8 
Plus figures indicate number of days later than Thatcher; minus data give num- 

ber of days earlier than Thatcher. The average date of heading for Thatcher was 
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paper because further testing is required, also appeared to have considerable 
blight resistance. Reward (C. I. 8182), Renown, Regent, and Newthatch 
were extremely susceptible in all tests and should not be grown in any area 
where head blight is likely to be a factor. The durums in general were sus- 
ceptible, having about the same reactions as Thatcher. In the shaded plots 
they developed approximately the same amount of blight as Thatcher; in 
the nonshaded plots they had somewhat less blight due to the fact that they 
were several days later in maturity. Carleton (C. I. 12064) and Stewart 
(C. I. 12066) were about as susceptible as Mindum (C. I. 5296). Vernum 
(C. I. 12255) and Kubanka (C. I. 1440) were slightly more susceptible. 
None of the durums were as susceptible as Reward, Renown, or Regent. 
The thousands of other wheats tested were mostly intermediate in reaction 
to blight between the most resistant and the most susceptible varieties men- 
tioned ; some were as susceptible as the most susceptible varieties listed. 

Inheritance studies. As certain varieties have shown greater resistance 
to Fusarial head blight than others, crosses were made in an attempt to 
transfer this resistance to less resistant but otherwise valuable varieties and 
to obtain information regarding the nature of inheritance of varietal reac- 
tion to this disease. Two recently developed wheats, Rival and H44- 
Thatcher (C. I. 11890), both having some resistance but needing more, were 
crossed with Haynes Bluestem, Progress, Preston, and several Wisconsin 
selections® of Illinois No. 1 and Illinois No. 1 x Hope. 

The crosses were made in 1939, and the first generations were grown 
in the greenhouse during the winter of 1939-1940. The second genera- 
tions were grown in the field in 1940. No attempt was made to classify 
the F, plants in the field, but they were harvested and threshed individually 
and the percentages of blight infection were determined, on the basis of the 
number of blighted kernels in the threshed seed. The data obtained are in 
table 5. While the number of plants studied, particularly the number of 
parental plants, was too small for us to ascertain whether any segregation 
for blight resistance occurred, certain F, progenies appeared to have lower 
average infection percentages than others, and some of the hybrids had as 
high or higher percentages of plants in the resistant classes as either of 
the parents. 

F’, progenies of Rival x Haynes Bluestem and of H44-Thatcher x Haynes 
Bluestem were grown in the field in 1941. The seed for this study was ob- 
tained from F, plants selected at random the previous year, and was 
space-planted in two-row plots at the rate of 50 seeds per plot. The study 
included 96 lines of Rival x Haynes Bluestem and 98 lines of H44-Thatcher 
< Haynes Bluestem, plus a total of 40 plots of the three parents. Both 
head and seed reactions to blight were determined for each plot by classify- 
ing the individual plants and computing the average percentages of infec- 
tion. The results for head and seed infections were substantially alike and 
were averaged and then used in classifying the lines for blight reaction. 


Obtained from R. G. Shands, Madison, Wisconsin. 
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There was less difference between the parents in this particular study than 
in other studies in which they have been compared. The results are sum- 
marized in table 6. 

In the cross of Rival x Haynes Bluestem, both parents were somewhat 
resistant and there is no real evidence of any segregation for reaction to 
blight. There was more variation between the F,; lines than between 
parent plots but this could be due to the fact that a larger number of F, 
lines than parent plots were grown. In the other cross, there is some evi- 
dence of segregation and some of the hybrids were as resistant as the re- 
sistant parent. The inheritance studies were of preliminary nature and 
more extensive replicated trials will be necessary before any analysis of the 


nature of inheritance of resistance to blight can be made. 


DISCUSSION 


While no wheat has yet been found that is immune from or even highly 
resistant to Fusarial head blight under conditions optimum for the patho- 
gen, there are considerable differences in the relative resistance of varie- 
ties to the disease. These differences can be determined by growing the 
varieties under epidemic conditions. With a moderately severe epidemic 
the most susceptible wheats can be eliminated in one or two years of test- 
ing; the more resistant materials should be tested for at least 3 years be- 
cause environment, particularly moisture and temperature, has a decided 
effect on the development of blight. Since varieties differ in date of head- 
ing and rate of maturation it is possible for some to escape partly or 
completely the effects of the disease in some years, even though they have 
no real resistance. 

Artificial epidemics can easily be created by spraying the plants in the 
field with a suspension of inoculum under conditions of high humidity and 
moderately high temperature. The spraying should be started as soon as 
the plants begin heading and continued at intervals of a day or two until 
about the medium-dough stage, or until symptoms appear. Spraying is 
best done in the evening to protect the inoculum from the sun and because 
moisture conditions are usually more favorable at night than during the 
day. In dry seasons shades may have to be provided so that the humidity 
ean be kept high in the atmosphere around the plants. When shades are 
used, it is necessary to control the development of the epidemic or it can 
become too severe. For best differentiation between varieties, the most sus- 
ceptible varieties should not be permitted to develop more than 95 to 95 
per cent of infection on the heads. In the present studies the percentage 
of head infection on the most susceptible wheats ranged from 70 to 100 per 
cent on the shaded plots and from 0, in dry years, to 95 per cent on open 
field plots where the humidity w<s not controlled. It is, of course, not pos- 
sible to obtain useful data under natural conditions in dry years. Haynes 
Bluestem, one of the most resistant varieties tested, had an average infec- 
tion rating of 25 per cent on shaded plots during the 9-year period from 
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1933 to 1943 (excluding 1938 and 1940). In 1938, however, by furnishing 
ideal conditions for the pathogen, it was possible to obtain an infection 
rating of 95 per cent on this variety, showing clearly that even the most 
resistant varieties now available can become heavily infected under extreme 
conditions. 

In planning nurseries for blight tests it is desirable to arrange varieties 
according to dates of heading, sowing early varieties in one part of the 
nursery and late varieties in another part. Such an arrangement will save 
both inoculum and time. 

SUMMARY 


During the past 15 years, hundreds of varieties and thousands of hy- 
brids and selections of Triticum spp. were tested for resistance to Fusarial 
head blight in shaded and nonshaded plots in the field, both under natural 
and artificially created epidemic conditions. 

All the wheats studied became infected to a greater or lesser degree; 
most were susceptible and only a few were relatively resistant. Progress 
and Haynes Bluestem were the most resistant of all varieties studied. 
Cadet and Rival were among the most resistant of the newer varieties. All 
the durums tested were at least moderately susceptible. 

Relative differences in resistance to blight can be determined readily by 
growing the materials under epidemic conditions. High humidity is essen- 
tial to the development of blight, and it is usually desirable to spray the 
plants at heading time with a spore suspension of the pathogen to insure 
adequate infection. In dry seasons, tents or shades are necessary. 

Under Minnesota conditions early varieties tend to develop more blight 
than late varieties. In some years this tendency is very clear; in other 
years, it is less apparent. Moisture and temperature conditions during the 
critical period from flowering to the medium-dough stage appear to be more 
important than time of heading in determining the relative amount of 
blight on early and late varieties. 

Preliminary studies on the nature of inheritance of varietal reaction to 
blight were made. Certain F, progenies appeared to have lower average 
infection percentages than others, and some of the hybrids had as high or 
higher percentages of plants in the resistant classes as either of the parents. 
There was some evidence of segregation in the F, generation of a cross be- 
tween H44-Thatcher and Haynes Bluestem; some of the hybrids were as 
resistant as the resistant parent. 
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VARIABILITY OF GLOMERELLA CINGULATA 
(STONEM.) 8S. & v. 8. FROM APPLES 


J. O. ANDES AND G. W. KEITT 
(Accepted for publication March 7, 1950) 


The species Glomerella cingulata (Stonem.) S. and v. S. is a composite of 
many variants. In the comprehensive work of Shear and Wood (14) 
‘‘strains’’ from 34 hosts were referred to the one species, and during the 
intervening years collections from several other hosts have been referred 
to it. Great variability within this species has been recognized by these and 
other authors. In connection with studies of bitter rot of apples, variations 
within the writers’ cultures presented a problem in maintaining stable 
material, and in searching for the limits of these variations this investigation 
developed. The present work, which is an extension of studies previously 
reported (1), contributes to the knowledge of the extent and the nature of 
the variability of this species as found on apples. Preliminary reports have 
been published (2, 3). 

TERMINOLOGY 

The term strain has been used in connection with this fungus to denote 
lines obtained from different hosts or specimens as well as those derived from 
ascospores from a single isolate. In order to clarify the usage in this paper, 
since both derivatives are essential to the study, certain terms have been 
applied to distinguish them. The term strain is used here and further in this 
paper to denote a monosporic isolate from nature, including all its sub- 
cultures. 

Type is used in this paper to refer to the plus or minus nature of a 
culture (cf. 9, 10,11). Plus refers to a type of culture, light-colored, with 
perithecia scattered in glomerate masses; asci numerous and well developed, 
with ascospores that may yield plus or minus lines. Minus refers to a type 
of culture that is dark-colored with appressed mycelium and usually with 
numerous scattered, poorly developed perithecia not in glomerate masses. 
Ascospores are very few, with exceptions mentioned below, and yield only 
minus progeny. Plus and minus colonies when grown in the same Petri 
dish commonly form at the meeting lines of the two types a ridge of well- 
developed perithecia containing viable ascospores. These plus and minus 
types were designated ‘‘light’’ and ‘‘dark,’’ respectively, in a previous 
paper (1). 

Each type is divided into two kinds, plus A and plus B, and minus A 
and minus B, based upon pattern of segregation for type within the ascus. 

Plus A ordinarily gives rise to asci that give four plus cultures and four 
minus cultures, or eight minus cultures. Rarely the plus B type has been 
derived from plus A cultures. 

Plus B gives rise to asci that yield eight plus cultures. In the present in- 
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vestigation lines that initially behaved as plus B upon isolation from nature 
later gave rise in vitro to ascospores that grew into plus A lines, yielding 
both plus and minus monoascosporie cultures. 

Minus A gives rise to perithecia that rarely contain asci or ascospores 
and yield only minus cultures. 

Minus B gives rise to asci that invariably produce eight minus cultures. 

While differing in some details, these types are very similar to the plus 
A and B and the minus A and B described by Edgerton, Chilton, and Lucas 
(10) in their studies of G. cingulata from other hosts. 


PLAN OF THE STUDIES 

Observation of colony characters of various isolates obtained directly 
from apples indicated slightly different growth characteristics but these 
were never consistent nor conspicuous, with one exception. One line was 
chromogenic, a striking departure from the usual green-gray of a mature 
colony. Other means were therefore sought for differentiating the com- 
monly encountered cultures. 

Previous work (1) had indicated that strains from different hosts gave 
different patterns of ascosporic segregation; hence segregation pattern was 
considered as one possible approach to the differentiation of strains. 
Numerous asei from each strain were dissected and cultures grown for 
observation and characterized for type. 

The major portion of the investigation was concerned with physiological 
studies in vitro in which the source of carbon, the source of nitrogen, and the 
supply of growth substances were varied separately. Chief emphasis was 


placed on the work with growth substances. 


THE STRAINS STUDIED 


The strains used were obtained from apple fruit in locations well 
distributed over the region in which bitter rot is prevalent in the United 
States. Altogether eight different strains were studied, but the larger part 
of the work was confined to four in order to explore their variability 
more thoroughly. With one exception the strains were isolated by the 
writers during the summer of 1945. They were carried in stock on potato- 
dextrose agar and transferred at periodic intervals in a manner designed 
to prevent propagation of observable variants that might develop. Ten 
or more monoconidial isolations were made from each stock culture prior 
to transfer, and the cultures were examined for any deviation from the 
original. Only subcultures showing no observable variation from the stock 
culture were retained. It should be noted, however, that no variants were 
observed to arise in monoconidial cultures. 

Strain A was a monoconidial isolate from a diseased Ben Davis apple 
from Arkansas. On potato-dextrose agar it was light gray, darkening with 
age. It was the plus A type. 

Strain B was a monoconidial isolate from a diseased Black Ben Davis 
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apple from Tennessee, indistinguishable from strain A except that the 
original isolate was of the plus B type. 

Strain G was obtained (in 1945) as a culture from M. C. Goldsworthy, 
who had isolated it from an unknown variety of apple near Washington, 
D. C., about 2 years previously. On potato-dextrose agar it was pink 
when young and dark red when older, the color being that of the mycelium 
itself. Pointed and atypical conidia are formed very abundantly. This 
strain has never produced perithecia, either alone or when mated with other 
strains and types. It is definitely chromogenic. 

Strain I was isolated from an apple of unknown variety from Illinois. 
It was almost white on potato-dextrose agar when young but became gray 
when older. One original monoconidial isolate was of the plus A type 
but the others were of the plus B type. 

Strain K, a monoconidial isolate from a Polly Eades apple from Ken- 
tucky, was uniformly gray-green on potato-dextrose agar when young, 
darkening when older. The appearance and behavior of the original 
culture were of the plus B type; however, later monoascosporic isolates 
derived from it behaved as the plus A. 

Strain R, a monoconidial isolate from a Red Delicious apple from Ten- 
nessee, was similar to Strain B. The original culture gave both plus B and 
plus A types. 

Strain S, a monoconidial isolate from an unknown variety of apple from 
Tennessee, was white to salmon on potato-dextrose agar when young, and 
darkened with age. Pointed atypical conidia were formed in abundance, 
but perithecia have been found in no ease, nor has any mating reaction 
been obtained from it with other lines of the fungus. 


STUDIES OF PATTERN OF SEGREGATION IN THE ASCI 


Inasmuch as all strains with the exception of G and 8 readily formed 
perithecia in culture, and since it was known that differences existed in 
pattern of segregation for plus and minus in the asci, a study of this 
feature as a possible means of differentiating the strains at hand seemed 
indicated. The method of culturing single ascospores was by separating 
the ascospores of an ascus on a hard agar plate with glass needles, allowing 
them to germinate, and then transferring to Petri plates. Asci were 
selected at random and represent several perithecia for each strain. Al- 
though all eight of the spores did not always survive and produce colonies, 
it was possible to determine the pattern of segregation with little chance of 
error if a majority grew. However, in most cases at least six or seven 
were obtained from an ascus. The results from a number of such isolations 
are summarized in table 1. 

Generally in this work only three patterns were obtained: 1) all plus, 
2) all minus, or 3) half plus and half minus. In only one instance was a 
pattern other than these ever obtained (1), when a 6:2 ratio appeared 
from a strain isolated from Celastrus scandens. 
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TABLE 1.—Segregation for plus and minus in asci from cultures of different strains 
of Glomerella cingulata 


Segregation patterns found: 


, Asei 
— studied , = 
All plus All minus 4 plus, 4 minus 
Number Number Number Number 
A 20 0 9 1] 
B 7 6 0 ] 
I 17a 12 0 4 
K 30 13 8 9 
R 17 10 6 ] 


@Qne ascus yielded one chromogenic and five plus lines; two lines did not grow. 


No satisfactory differentiation between strains was obtained in this 
manner. Nevertheless, some interesting observations were made. Of the 
five strains studied, none continued to produce all plus colonies even though 
several of the first sets studied indicated that certain strains were of the 
plus B or all-plus type. Furthermore, the production of a chromogenic 
type as an ascosporic segregate might explain the occurrence of this kind 
of isolate in nature. 

PHYSIOLOGICAL STUDIES 

The chief aims of the physiological studies were 1) to seek to differ- 
entiate between strains, 2) to compare responses of plus and minus types, 
3) to explore possibilities of modifying the expression of plusness and 
minusness by environmental changes, and 4) to contribute to the knowledge 
of the nutritional requirements of the fungus. 

The work was directed along three lines: 1) effects of varying the 
source of carbon, 2) effects of varying the source of nitrogen, and 3) 


effects of growth substances. 


Carbon Sources 


Considerable work has been reported on the nutrition of this organism, 
but the relationship of strains has not been taken into account. It has 
been demonstrated that the fungus can make good growth on many carbon 
sources; hence a wide range was selected to explore possibilities in dif- 
ferential response. 

[In these studies a basic medium consisting of the following was used: 
KNO,, 3.12 em.; KH.PO,, 1.5 gm.; MgSO,° 7H.0, 0.5 gm.; Bacto-agar, 
15 gm.: and distilled water to make 1 liter. The chemicals were of reagent 
grade. 

The medium used for the tests was prepared by taking a sufficient 
amount of the basic medium and adding the various carbon sources indi- 
cated, at 1 per cent concentration by weight. All media were adjusted 
to a pH of 5.2-5.4 after autoclaving. 

The media were dispensed in Petri plates in approximately 20-ml. 


amounts. For each medium three plates were seeded with each line of the 
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fungus employed by placing a loopful of a standardized suspension of 
conidia in the middle of each plate when the agar had cooled. The plates 
were incubated at 28° C. The experiment was duplicated with concordant 
results. 

The carbon sources used and the results obtained from one experiment 
are in table 2. Variations in response to carbon sources were rather con- 


TABLE 2.—Growth of four strains of Glomerella cingulata with different carbon sources 





Colony diameter of stated strains 


' after 6 days (in millimeters) : 
Carbon source 5 


A G I K 
Dextrose 65 47 61 55 
Levulose 60 43 56 55 
Sucrose 60 5 62 60 
Maltose 63 44 64 55 
Lactose 50 35 50 55 
Dextrin 65 47 67 60 
Starch 42 40 44 44 
Mannite 60 35 54 55 
Gelatin 45 40 45 42 
Gum arabie 40 37 55 45 
Gum kino 47 38 50 46 
Tannie acid 36 3 32 25 
Glycerin 60 43 62 52 
None added 0 0 0 0 


a Average of three replications. 


sistent for all strains and gave no satisfactory basis for strain differentia- 
tion. While the possibility of obtaining strain differentiation with some 
other source of carbon was recognized, it seemed more promising to try 
other substances before working further with carbon sources. 


Nitrogen Sources 


The same general procedure was used in this case as for the carbon 
sources, except that the nitrogen was omitted from the basic medium and 
glucose was used as the carbon source. The basic medium was as follows: 
KH.PO,, 3.12 gm.; MgSO,: 7H.O, 0.5 gm.; glucose, 5 gm.; Bacto-agar, 20 
gm.; malt extract (Trommer’s), 1 gm.; and distilled water to make 1 liter. 

A favorable concentration of potassium nitrate was determined by pre- 
liminary experiments and the other nitrogen sources, ammonium sulphate, 
urea, glycine, L.tyrosine, ammonium nitrate, and ammonium tartrate, were 
used, respectively, at equivalent nitrogen concentrations. There was no 
noteworthy difference in the efficiency of the several materials as nitrogen 
sources and no indication of clear-cut differential responses among the 
strains of the fungus. 

Growth Substances 

In culturing G. cingulata it was observed that growth on synthetic 
media lacked the vigor obtained with potato-dextrose agar, or where small 
quantities of malt extract had been added to strictly synthetic media. 








920 PHYTOPATHOLOGY [Vou. 40 


Ronsdorf (12) reported that the addition of a bios prepared from yeast 
doubled the growth of this species in culture, but offered no explanation. 
It seemed, therefore, that a survey of vitamin requirements for the organ- 
ism might offer promise for finding means of strain differentiation. 

After some preliminary work the following precedure was decided upon. 
A basic synthetic medium was prepared from chemicals of reagent grade 
and agar that had been treated to remove growth substances (cf. 13). 
Bacto-agar was employed, 500 gm. of which were extracted with pyridine 
overnight, after which it was drained with a suction pump. The treat- 
ment was repeated and then the agar was washed with distilled water for 
several hours. It was extracted with 95 per cent alcohol, drained, and 
finally extracted with absolute alcohol. Drying was on wax paper, after 
which the treated agar was stored in a glass jar. Im all stages of 
the operation no contact with any organic matter was allowed. Similar 
precautions were taken with all glassware, which was rinsed in distilled 
water three times after being removed from cleaning solution. 

Solutions of growth substances were made so that the addition of 1 ml. 
of each per liter of medium gave the desired concentration when added to 
the basic medium consisting of: KNO,, 3.12 gm.; KH.PQO,, 1.5 gm.; 
MgSO, :7H.0, 0.5 gm.; dextrose (CP), 5 gm.; Bacto-agar (purified), 20 
om.; and distilled water to make 1 liter. 

The pH of the basic medium after autoclaving was from 5.5 to 5.8 and 
required no adjustment, since this seemed to be optimum for the organism. 

The materials added were prepared as solutions and added to the basic 
medium at the following rates, expressed in micrograms per liter: 




















Acerine sulfate nce ccccccccccccscossoee 500 ~=—s Inositol 40,000 
ge eee 500 Niacin 500 
SITIES -sxisneenstibidinaithiincsieeneniaieeaiesis 3,200 Para-aminobenzoic acid ............ 300 
a a 5 Pimelic acid 300 
Calcium pantothenate errcccccoo 240 Pyridoxine 40 
Cholime CHOI cecccccccccssssssessesseeene 20,000 Thiamin 300 
Guramine Sulfate cecccccccccccssccssssesessen 500 Uracil ...... 500 

Xanthine 500 





These arbitrary rates were selected on the basis of a review of similar 
work with various fungi. 

The media were dispensed in Petri dishes in amounts of 10 ml., three 
plates being seeded with each line of the fungus. At the completion of 
the experiment it was repeated in the same manner. 

Results. The responses of the strains tested to the various materials 
were striking. Not only was there a marked contrast in rates of growth from 
certain of the vitamins used, but these were clearly differential for the 
strains used. Within strains the results were very consistent among 
replicates with the same vitamin and the results of the second series 


duplicated those of the first very closely. 
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The data as summarized are shown graphically in figure 1. 

A differential response was obtained from three vitamins: strain A 
responded to the addition of niacin and choline chloride ; strain G responded 
only to choline chloride; strain I responded only to choline chloride; 
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Fig. 1. Effects of certain vitamins on growth of four strains of Glomerella cingulata. 


strain K responded to choline chloride and thiamin. No response was 
obtained to any of the other vitamins with any strain tested. In this 
manner it was possible to separate the four strains, thus providing a tool 
for further study of strain differences. 

Since the amount of choline chloride used was out of proportion to the 
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other vitamins, and as it was unknown whether smaller amounts would suf- 
fice for Glomerella, different rates were tested and compared with 20,000 
micrograms/liter. Doubling the amount gave no increase, but reduction 
to 10,000 gave little response. It was therefore concluded that Glomerella 
gave about the same response to this vitamin as that reported for other 
fungi. 

Combinations of essential vitamins gave an additive effect but not a 
synergistic one on the responsive strains. 

In a preliminary experiment, a plus line from strain A (niacin-respon- 
sive) was mated with a minus line from K (not responsive to niacin), and 
monoascoporic cultures were made from asci taken out of perithecia formed 
on the meeting line. When such progeny lines were tested with niacin- 
deficient compared to niacin-containing media, four of the colonies from 
an ascus increased in growth rate and four gave no increase with the 
niacin. There was no opportunity to repeat or elaborate this experiment 
(ef. 15 

DISCUSSION 

Glomerella cingulata (Stonem.) S. and v.S. has long been recognized as 
a very variable species, and a considerable amount of work has been done 
on the extent and nature of its variability. Shear and Wood (14) re- 
viewed the earlier literature and made an extensive study of morphological 
and cultural characters and host relationships of Glomerella isolated from 
many plants over a wide geographical range. They referred the isolates from 
34 host species to G. cingulata, though they encountered a great deal of 
variability in all characters studied. They reported that the variations 
within isolates from a given host were as wide as those between isolates 
from the different hosts of this group. Though substantial differences in 
pathogenicity were encountered, these were not considered to give a basis 
for species differentiation. 

A fundamental contribution to the study of variability in G. cingulata 
was made by Edgerton (7, 8, 9) in the discovery of ‘‘plus’’ and ‘‘minus’’ 
**strains,’’ though he was unable at that time to give convincing evidence 


? 


that actual crossing of these ‘‘strains’’ occurred. 

Early in the present studies on G. cingulata it was shown by work with 
pedigreed cultures that segregation for plus (‘‘light’’) and minus (‘‘dark’’) 
types occurs in the asci (1). ‘‘Monoascosporic light clones gave asci that 
yielded all dark clones or half dark and half light, with the exception of 
one perithecium in which the asci yielded all dark or all light. Mono- 
ascosporic dark clones gave asci that yielded only dark clones. Asci taken 
from perithecia produced where the light and dark types met usually 
yielded all dark clones or half dark and half light. Several such asci, 
however, yielded dark and light clones in 3:1 or 1:3 ratio.’’ This work 
was interrupted by the war before the remarkable phenomenon of con- 


‘ 








1950] ANDES AND Keitt: FuNGeus VARIATION 923 


tinuous segregation for plus and minus lines in asci produced by a haploid 
plus line could be further investigated. 

Edgerton and his coworkers have later obtained convincing evidence 
that certain plus and minus types of G@. cingulata cross and produce fertile 
offspring in which the two parental types segregate in 1:1 ratio (10). The 
genetic basis of segregation for plus and minus types has been discussed 
by Chilton, Lucas, and Edgerton (5) and Chilton and Wheeler (6). This 
subject is beyond the scope of the present work. 

The present work emphasizes the importance of due consideration to 
both strains and types, as these terms are here employed, in studying the 
variability of G. cingulata. The several strains studied in this investigation 
were comparatively stable and uniform, so long as they were carried in 
culture as clones without the development of the ascigerous stage and lines 
derived from ascospores. For morphological characters the variations 
within a strain were as great as those between strains, with the ‘single ex- 
ception of the chromogenic strain. It is noteworthy that all the strains 
isolated by the writers from single conidia from apple fruits in nature 
were initially of the plus type and that cultures of the minus type were 
readily obtained from them after segregation in the ascus. 

The studies of segregation pattern in the ascus for plus and minus 
types and the use of different sources of carbon and nitrogen in the culture 
medium did not differentiate the strains. 

The only clear-cut differentiation of strains accomplished in this study, 
with the exception of the chromogenic strain, was on the basis of vitamin 
deficiencies. Such differentiations were very consistent so long as the 
original clone was maintained without the intervention of the perithecial 
stage and the development of ascosporic lines. Though the comparisons 
of vitamin requirements of plus and minus monoascosporic lines with those 
of the clones from which they were derived have been too limited to war- 
rant final conclusions, the results suggest certain differences. A further 
study of these vitamin requirements, including their possible relation to 
segregation for plus and minus types, seems desirable. All attempts to 
change the plus or minus type of isolates by modifying vitamin supply or 
other aspects of the environment have thus far failed. 

The discovery of differential vitamin deficiencies in strains of G. cingu- 
lata offers a potential tool for further work on the genetics of this organism. 
While this phase of the work is not within the scope of the present paper, it 
may be noted that the preliminary studies with a cross between two strains 
that were differential for a vitamin deficiency showed segregation for this 
deficiency in the progeny in 1:1 ratio, indicating single-gene control. 
Numerous gene-controlled vitamin deficiencies in Neurospora have been 
reported by Beadle (4) and others. 

The evidence obtained in this investigation leads to the conclusion that 
genetic consitution is the major factor accounting for the wide variability 
of G. cingulata in vitro. While minor variations in genetic constitution 
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between strains have been indicated, the most striking genetic differences 
have occurred within strains as the several types (plus, minus, ete.) are 
segregated within the asci. Modifications incident te environmental con- 
ditions have been observed, as would be expected with any organism, but 
in no unusual degree. 

Since the completion of the present work’in 1947, Struble and Keitt 
(15) have made further studies on variability and inheritance in G. cingu- 
lata, Wheeler et al. (16) have published on crozier and ascus development, 
and Chilton and Wheeler (6) have reported on inheritance of certain 
macroseopie cultural characters and of mating reactions of this organism. 


SUMMARY 


Several strains of Glomerella cingulata (Stonem.) S. and v.S. were studied 
for variability. Minor morphological variations between strains were ob- 
served when cultures were grown on ordinary media, but only the chromo- 
genic strains were clearly differentiated morphologically. The ascosporie 
pattern of segregation for plus and minus was ‘in general similar in all 
strains except the chromogenic ones, which did not form perithecia. Strains 
were not differentiated by varying the carbon and nitrogen sources. When 
certain vitamins were added to purified media, differential growth responses 
between strains were obtained. All of four strains tested had increased 
erowth over the controls when choline chloride was added; strain K re- 
sponded to the addition of thiamin; strain A responded to the addition of 
niacin. No synergistic effect was observed from combinations of vitamins. 
No change of the plus or minus condition was obtained by altering the 
environment. The evidence obtained suggests that the response of strains 
and types to certain vitamins is genetically controlled. Vitamin responses 
offer promise for further studies of the inheritance and physiology of this 
organism. 
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THE BIOLOGICAL DEGRADATION OF LIGNIN.? II. THE 
ADAPTATION OF WHITE-ROT FUNGI TO 
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Our previous paper (4) reported the screening of 35 cultures of white- 
rot fungi for their ability to utilize native lignin as isolated by the method 
of Brauns (2). It was felt at that time that much of the sparse literature 
on the growth of microorganisms on isolated lignin (5, 6, 10, 14, 15) was 
ambiguous, because the lignin used had been isolated by procedures likely 
to cause extensive alteration of the lignin molecule. The availability of a 
method (2) for isolating a part of the lignin in wood without the use of 
any drastic agents seemed to us to warrant a reinvestigation of this prob- 
lem. In the initial screening experiment, several organisms were able to 
grow on chemically defined media with isolated native lignin as the limit- 
ing source of carbon. It was briefly mentioned in this paper (4) that 
adaptation techniques were required to obtain this response. 

The present paper, in part, elaborates on the necessity of adaptation for 
the growth of certain of these fungi on lignin media. Three types of ex- 
periments will be reported: 1) the adaptation of Polyporus abietinus and 
Poria subacida to growth on solid and liquid media containing isolated na- 
tive lignin, 2) the simultaneous adaptation of these two organisms to 
growth on several different types of lignin, and 3) the growth of Polyporus 
versicolor on native lignin without previous adaptation. 


THE ADAPTATION OF POLYPORUS ABIETINUS* AND PORIA SUBACIDA*~ TO GROWTH 
IN ISOLATED NATIVE LIGNIN 


The various details of technique as to isolation of native lignin from 
red spruce wood, preparation of inoculum, source of cultures, preparation 
of basal medium,’ and incubation of cultures are the same as previously 
reported (4). In preparing solid media, 1.5 per cent agar was added to 
the basal medium. The lignin was dispensed in distilled water as a 2 
per cent suspension by means of a Waring Blendor, as described previ- 
ously (4). For incorporation into media, equal parts of the sterilized 
lignin and double-strength liquid or solid sterile media were combined. 
The final lignin concentration was approximately 0.5 per cent in the 

This work was done under contract No. N7 onr 397-4 between the University of 
Maryland and the Office of Naval Research. The project was initiated at the sugges- 


tion of the Prevention of Deterioration Center, National Research Council. 

Cultures of Polyporus abietinus and Poria subacida were obtained from Ross W. 
Davidson, Bureau of Plant Industry, Beltsville, Maryland. 

The basal medium consisted of: ammonium nitrate (NH,NO,;), 0.5 per cent; 
L asparagine, 0.1 per cent; potassium dihydrogen phosphate (KH,PO,), 0.15 per 


cent; magnesium sulfate (MgSO,-7H.O), 0.05 per cent; calcium carbonate, 0.02 per 
cent; thiamine, 0.001 per cent; mineral supplement (Hoagland’s A-Z mixture), 1 ml.; 
and distilled water to make 1 liter. 
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media. The stock lignin suspensions ranged in pH from 5.4 to 5.6, and 
therefore did not alter the pH of the media, which was 5.5. 

In the adaptation experiments, the organisms were grown initially on 
the basal medium plus 0.5 per cent lignin and 0.1 per cent glucose. An- 
other flask, containing only glucose as a carbon source, served as an un- 
adapted control. At the end of 3 weeks, inoculum from the lignin-glucose 
flasks was used to inoculate a second flask containing the same amount of 
lignin with half the concentration of glucose. This process was continued 
until, after four or five successive subcultures, the glucose was omitted en- 
tirely and the adapted cultures of Polyporus abietinus and Poria subacida 
were able to grow with lignin as the sole limiting carbon source. 

Results of typical experiments are portrayed in figure 1. With an 
unadapted culture of Poria subacida, extensive growth was obtained in 
flasks containing glucose or glucose plus lignin, but the organism could 
not grow in the flask containing only lignin as an energy source. The 
adapted culture of Poria subacida, however, under completely comparable 
conditions, can grow readily on the medium containing only lignin as a 
carbon source (Fig. 1, A). Growth on lignin in this experiment was 
more rapid than on the glucose medium, a phenomenon that has been re- 
peatedly observed with the adapted cultures. Figure 1, B shows the same 
response for a culture of Polyporus abietinus adapted to growth on lignin 
media by the technique described. Here again growth on lignin equals or 
exceeds that on glucose. The corresponding unadapted culture did not 
grow on the lignin medium. It is apparent that the adapted cultures in 
both cases grow more profusely on media containing both glucose and 
lignin than they do on media containing either substance alone. This 
effect has been consistently observed, and will be discussed later in the 
paper. 

The same effects were observed with Poria subacida and Polyporus 
abietinus growing in stationary liquid culture. Good growth was ob- 
tained in the lignin media; in parallel experiments the unadapted cultures 
did not grow in the lignin media. The same situation prevails when either 
organism is grown in liquid shake-culture: the adapted strains form pellets 
around the individual lignin particles and clear the opaque lignin sus- 
pension. 

The possibility was considered that a minor impurity in the lignin, of 
a nonlignin nature, was stimulating growth in the lignin medium as com- 
pared to growth in the basal medium. A sample of lignin was dissolved 
in anhydrous dioxane and then precipitated by adding the dioxane solu- 
tion to ten times its volume of anhydrous ether. The precipitate, collected 
in a centrifuge tube, was washed successively with ethyl ether, benzene, 
petroleum ether, and again with ethyl ether. A sample from the dried 
precipitate was redissolved in dioxane, and the entire process repeated. 
This purification was carried out ten successive times, and each fraction 
was tested for its ability to support growth of the two organisms. No dif- 
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ference in rate of growth could be observed between the original and ‘‘re- 
purified’’ preparations. Figure 2 compares growth of adapted cultures of 
the two fungi on lignin media containing the original lignin and the final 
material after the tenth purification. Had an impurity been causing the 





Fig. 2. Comparison of growth responses of adapted cultures of (A) Polyporus 
abietinus and (B) Poria subacida to original and repurified lignin. Composition of 
basal medium as in footnote 3, plus 1.5 per cent agar. Left, basal medium plus 0.5 per 
cent original lignin. Right, basal medium plus 0.5 per cent repurified lignin. 


growth stimulation, we would have expected a difference in rate of growth 
as the amount of impurity was lessened in the successive fractionations. 
Since no such difference could be noted, it is assumed that the organisms 
grew at the expense of the lignin itself. 


SIMULTANEOUS ADAPTATION OF PORIA SUBACIDA AND POLYPORUS ABIETINUS TO 
GROWTH IN VARIOUS LIGNIN RESIDUES 


Since the cultures described above had been adapted to growth on 
media containing native lignin (as prepared by the method of Brauns), it 
became of interest to know whether the adaptation had been specific for 
this type of isolated lignin, or whether the organisms had simultaneously 
been adapted to grow on other types of lignin. It has been repeatedly 
shown that the structure of the lignin molecule is altered to a greater or 
lesser extent depending on the method of preparing the lignin (12). A 
reasonably definitive answer to this question was arrived at by the experi- 
ment described below. 

Sixteen different types of lignin and lignin residues were incorporated 
into liquid media, and their suitability as carbon sources for the growth of 
the adapted and unadapted strains of Poria subacida and Polyporus abieti- 
nus was studied. The various techniques used in preparing, inoculating, 
and incubating these cultures were the same as those described in the pre- 
vious section, except that the inoculum was prepared as follows: 
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The adapted cultures, grown on a solid native lignin medium, were 
subeultured into 250-ml. flasks containing 40 ml. of liquid basal medium 
plus 0.5 per cent native lignin. After incubation for 2 weeks at 28° C., 
the mycelial mats were removed from the flasks and washed six times with 
separate 100-ml. portions of sterile distilled water. The washed mats were 
then aseptically transferred to 100 ml. of sterile distilled water in a sterile 
semi-micro Waring Blendor and homogenized for 2 min. The aqueous 
suspension of homogenized mycelium was transferred to a sterile 250-ml. 
flask and stored at 10° C. until used. 

Inoculum from unadapted cultures was prepared in a similar manner, 
except that mycelial mats were obtained from a liquid medium containing 
0.5 per cent glucose. 

One ml. of inoculum prepared in this manner (containing 0.5 mgm. 
dry weight) was added to 125-ml. flasks, each containing 20 ml. of test 
medium. The test media were made up by combining 10 ml. of sterile 
1.0 per cent distilled water suspension of the lignin material being tested 
and 10 ml. of sterile double-strength basal medium. The two portions had 
previously been separately sterilized. All the lignin materials were pre- 
viously adjusted to pH 6.0. The flasks were incubated for 2 weeks in sta- 
tionary culture at 28° C. in an air-conditioned room. 

Table 1 gives the results of this study. Lignin residue No. 16 is the 


; TABLE 1.—Comparison of growth of adapted and unadapted cultures of Poria 
subacida and Polyporus abietinus on liquid media containing various lignin materials as 


limiting sources of carbon 


Growth of adapted cultures® after 
Number and nature of 2 weeks’ incubation 
lignin residue 


Poria subacida Polyporus abietinus 
1 Native lignin (aspen 2+ 
2 Periodate lignin (spruce 4 
3 **Low-sulfur’’ lignin - 
4 Po $-m thoxydihydrobe nzopyrone 
5 Calcium lignosulfonate 4 + 2 
6 ‘‘Depolymerized’’ lignin 44 j 
7 Indulin A (alkali lignin - - 
8 Indulin ¢ alkali lignin) 4+ 3 
9 Scholler lignin (redwood - 
10 Lignin residue from saccharification of corn- 
( g - 3 
11 Lignin residue from saccharification of oak 
vood } | 
12 Lig: residue from saccharification of Doug- 
s fir wood 2 14 
13 Pine wood meal $ + - 
14 Oak sapwood meal - 2 +4 
15 Oak heartwood meal 24 
16 Native lignin (spruce) 44 t + 
17 Glucos 4 + + 4 


a No growth is indicated by (—); growth by (+); and comparative growth by the 
figure, the 4 representing the maximum (entire surface of the liquid covered with my- 
eelial mat 


Paral inadapted cultures grew only on No. 17, where growth was rated 4+. 
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standard of comparison, being the native lignin employed in all our 
studies. Unadapted strains of both organisms failed to grow in any of 
the media employed, except the medium containing glucose. Adapted 
strains grew to a greater or lesser extent in practically all of the lignin 
media. There were ouiy two media—No. 4, poly-8-methoxydihydrobenzo- 
pyrone, and No. 7, Indulin A—in which the adapted strain of neither or- 
ganism grew. it is apparent from these data that the adaptation of these 
two fungi to growth on native spruce lignin as a limiting carbon source 
simultaneously adapts them to growth on many diverse types of lignin 
residues. 

The diversity of the various lignins used and their sources are indicated 
in the following information: 

No. 1. Native aspen lignin is prepared from aspen wood by a pro- 
cedure similar to that used by us in preparing native spruce lignin. (Dr. 
M. A. Buchanan, Institute of Paper Chemistry, Appleton, Wisconsin (3).) 

No. 2. Periodate lignin is prepared by digesting wood with periodate 
and isolating the residual lignin. (Dr. C. Schuerch, McGill University.) 

No. 3. ‘*‘Low-sulfur’’ lignin is prepared by carefully controlled sulfite 
digestion of wood and subsequent purification to isolate a homogenous 
fraction containing the lowest possible sulfur content (5.5 per cent 8). 
This was used as the soluble Ba salt. (Dr. H. Erdtmann, Stockholm, 
Sweden. ) 

No. 4. Poly-8-methoxydihydrobenzopyrone is a synthetic material pre- 
pared by the polymerization of vanillin monoacetate. Russell and co- 
workers (13) have claimed that this material essentially duplicates the 
structure of the lignin molecule. (Dr. L. E. Sehniepp, Northern Re- 
gional Research Laboratory, Peoria, Llinois. ) 

No. 5. Caleium lignosulfonate is a water-soluble fraction of sulfite 
waste liquor from a paper mill, purified by a dialysis technique which 
separates the lignosulfonate fractions according to molecular weight. (Dr. 
J. L. MeCarthy, University of Washington, Seattle.) 

No. 6. Depolymerized lignin is a low molecular weight lignin obtained 
by the explosion of wood chips and the subsequent extraction and purifica- 
tion of the lignin by precipitation in methyleellosolve and water. (Dr. R. 
Boehm, Masonite Corporation, Laurel, Miss. ) 

No.7. Indulin A is obtained as a by-product of the sulfate process for 
making paper and isolated by precipitating the lignin from alkaline solu- 
tion with carbonic acid. (West Virginia Pulp and Paper Company, New 
York, N. Y.) 

No. 8. Indulin C is identical with No. 7, Indulin A, except that it is 
distributed as the disodium salt, which is soluble in water. (Same source 
as No. 7.) 

No. 9. Scholler lignin is the lignin residue, containing 60-70 per cent 
lignin, obtained from the treatment of redwood with acids to saccharify 
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the carbohydrates in the Scholler process. (Dr. F. E. Brauns, Institute 
of Paper Chemistry, Appleton, Wisconsin. ) 

Nos. 10, 11, and 12. Residues from saccharification processes, contain- 
ing about the same percentage of lignin as No. 9, were obtained by an acid 
saccharification process analogous to the Scholler process on corncobs, oak 
wood, and Douglas fir, respectively. (No. 10, Dr. L. F. Schniepp, Re- 
gional Research Laboratory; Nos. 11 and 12, Dr. E. E. Harris, Forest 
Products Laboratories, Madison, Wisconsin. ) 

Nos. 13, 14, and 15. Pine and oak wood, prepared by us by grinding 
the respective air-dry woods in a hammer-mill to pass a 60-mesh sieve 
and then extracting the water, alcohol, and ether-soluble materials ex- 


haustively in a Sohxlet extractor. 


GROWTH OF POLYPORUS VERSICOLOR ON ISOLATED NATIVE LIGNIN WITHOUT 
PREVIOUS ADAPTATION 


Our initial screening comprised mostly those white-rot organisms com- 
monly associated with decay of coniferous woods; this seemed a logical 
selection, since our native lignin had been isolated from red spruce wood. 
After the initial screening was completed, a culture of Polyporus versi- 
color was received from Dr. W. G. Campbell, Princes Risborough, England, 
and tested in various lignin media. On media in which native spruce 
wood lignin was the limiting carbon source, this organism grew readily, 





Fic. 3. Growth response of unadapted culture of Polyporus versicolor to lignin 
after 10 days’ incubation. Composition of basal medium as in footnote 4, plus 2 per 
cent agar. Upper left, basal medium; upper right, basal medium plus 0.01 per cent 
glucose; lower left, basal medium plus 0.5 per cent lignin; lower right, basal medium 
plus 0.5 per cent lignin and 0.01 per cent glucose. 


more rapidly and vigorously than did the adapted cultures of Poria sub- 
acida and Polyporus abietinus. No adaptation process was necessary for 
Polyporus versicolor to utilize the lignin as a sole carbon source, in con- 
trast to the other two organisms. Considering it possible that this non- 
necessity for adaptation was characteristic of the particular strain at 
hand, and not characteristic of the species, we obtained two other cultures 
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of P. versicolor, isolated from entirely different sources by Mr. Ross Da- 
vidson (see footnote 2). Both of these isolates were also able to utilize 
lignin as a sole energy source without the necessity of previous adaptation. 
This ability seems, then, to be characteristic of the species. Figure 3 
shows the ability of P. versicolor to grow on a solid medium (basal me- 
dium plus 2 per cent agar) containing lignin as a limiting source of car- 
bon,* as compared with growth on glucose and on glucose plus lignin. The 
synergistic effect of glucose and lignin, giving a more-than-additive effect, 
is again apparent in these photographs. 

It has been possible to obtain vigorous and rapid growth of Polyporus 
versicolor, in still, shake, or aerated liquid culture, on a medium (see foot- 
note 4) containing no asparagine and having the added lignin as a sole 
source of carbon. The adapted cultures of Poria subacida and Polyporus 
abietinus require a small amount of asparagine present in order to utilize 
lignin, although neither organism grows with this amount of asparagine 
in the absence of another carbon source. 


DISCUSSION 


The data indicate that certain white-rot fungi must be carried through 
an adaptation procedure in order to be able to utilize lignin in synthetic 
media where it is the limiting energy source; this is not true of all white- 
rot organisms, however; Polyporus versicolor proved to be an exception. 
It will be remembered that none of the 35 cultures reported in the pre- 
vious paper (4) could be consistently grown on lignin media, although it is 
very possible that any or all of them could be adapted to such growth. 
Poria subacida and Polyporus abietinus were chosen because they appeared 
most promising after numerous screening experiments (4). It seems rea- 
sonable to conclude that most white-rot fungi cannot grow on media in 
which isolated native lignin is the limiting source of carbon unless they 
are carried through an adaptation procedure. 

It was thought possible that the adaptation procedure might have al- 
tered the morphological and other characteristics of Poria subacida and 
Polyporus abietinus. Mr. Ross Davidson has kindly examined and com- 
pared the adapted and unadapted strains of these organisms; he reports 
(personal communication, 1949) that the cultures are indistinguishable 
from one another when examined by the usual techniques. 

It has been pointed out in several instances that for all three species 
of fungi studied in this work there is a synergistic effect when they are 
grown on media containing lignin and glucose. In these cases, the growth 
on such media is much greater than growth on comparable cultures con- 
taining either lignin or glucose alone. Possible mechanisms for this stimu- 
lation of growth can be speculated upon, although no definitive experi- 

4The basal medium consisted of: ammonium nitrate (NH,NO,), 0.25 per cent; 
potassium dihydrogen phosphate (K,HPO,), 0.15 per cent; dipotassium hydrogen phos- 


phate (KH.PO,), 0.15 per cent; magnesium sulfate (MgSO,-7H,O), 0.05 per cent; 
ferrous sulfate (FeSO,-7H,O), trace; thiamin, 1 mg./liter. 
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mental evidence is at hand. Lindeberg and Korjus (11) recently reported 
that with gallic acid in synthetic liquid glucose media, Marasmius foetidus 
utilized the glucose more efficiently than without the acid. It can be 
hypothetically assumed that an analogous phenomenon took place in our 
experiments. The phenolic groups known to be present in the lignin 
molecule might be playing the same role as the gallic acid in the more 
efficient utilization of glucose. Polyphenol oxidases are considered by 
some investigators (1, 9) to be the terminal oxidases in an oxidation chain 
from which plant cells derive energy. They could be the ultimate accep- 
tors of the hydrogen transferred chainwise in the oxidation of glucose, 
and need the presence of reversibly oxidizable polyphenols to carry out 
their function. A polyphenol oxidase, different from either tyrosinase or 
lacease, having considerable specificity for the lignin molecule, has re- 
cently been reported, extracted from mycelium of Agaricus campestris in 
the form of commercial mushroom spawn (7). Recently we have detected 
a similar phenol oxidase in the cell-free filtrate of the three organisms dis- 
cussed in this paper, growing on synthetic liquid media with lignin as the 
limiting carbon source. The enzyme was absent from the filtrates of com- 
parable glucose cultures. Further speculation in the role of these en- 
zymes in the utilization of sugar or the breakdown of lignin must await 
further experimental evidence. 

Of the 16 lignin substrates studied, all but two were utilized by at 
least one of the adapted strains of Poria subacida and Polyporus abieti- 
nus. There is insufficient evidence to explain the anomalous behavior of 
these two lignins, but the kinds of comparative data presented might be 
used as criteria for the similarity of the lignins studied to lignin in its 
native state in the plant. It is realized that such interpretations should 
be made with a great deal of caution. Although our understanding of 
the chemistry of lignin has been advanced greatly in the last decade, it is 
very difficult on the basis of chemical analytical data to decide on the 
similarity of an isolated lignin to lignin as it exists in situ in wood. For 
example, lignin sample No. 4, poly-8-methoxydihydrobenzopyrone, a syn- 
thetic material, is claimed by its synthesizers to be identical with gymno- 
sperm lignin. Most contemporary lignin investigators do not accept this 
view on the basis of the chemical data presented (13). Our data suggest 
that this material at least differs from native lignin in being unavailable 
to fungi which ean utilize lignin in its native state as a sole energy source. 
On the other hand, it is apparently possible to effect certain alterations in 
the lignin molecule without affecting its availability to these fungi. Thus, 
residues Nos. 6, 10, 11, and 12 were all isolated by procedures which ex- 
pose the lignin to concentrated acid. Such treatments have been shown 

8. 12) to bring about chemical changes in the lignin molecule and to iso- 
late nonlignin materials along with the lignin. It is possible in these 
eases that the organism was obtaining its energy from the carbohydrate 


contamination products in the isolated lignin materials. 
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SUMMARY 


The white-rot fungi Poria subacida and Polyporus abietinus utilized 
lignin in synthetic media only after a process of adaptation. 

Such adaptation simultaneously adapts these two organisms to growth 
on many different kinds of lignin and lignin-containing residues. This in- 
dicates that the adaptation is not specific for the isolated native lignin 
used in the adaptive procedures. 

The white-rot fungus Polyporus versicolor did not require previous 
adaptation in order to grow on synthetic liquid and solid media contain- 
ing isolated native lignin as the limiting carbon source. Three different 
strains of this organism all showed this behavior. 

A synergistic effect for growth of all three organisms was observed 
when the medium contained both glucose and lignin. 

UNIVERSITY OF MARYLAND 

COLLEGE PARK, MARYLAND 
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BACTERIOPHAGES ATTACKING PSEUDOMONAS TABACI AND 
P. ANGULATUM 
ROBERT W. FULTON 
(Accepted for publication March 15, 1950) 


Observations on the field occurrence of tobacco wildfire and blackfire are 
sometimes difficult to explain on the basis of factors known to influence 
infection. At times no infection occurs in spite of an abundance of inocu- 
lum, apparently favorable weather conditions, and occasional water con- 
gestion of the leaves. The presence of a bacteriophage in wildfire-diseased 
tobacco in Wisconsin was suspected on several occasions when it was diffi- 
eult or impossible to isolate Pseudomonas tabaci (Wolf and Foster) Stev- 
ens, which should have been present in large numbers. A bacteriophage 
capable of lysing P. tabaci and P. angulatum (Fromme and Murray) Hol- 
land was subsequently demonstrated in filtered extracts of some of these 
leaves. 

Bacteriophage has been suspected previously of being a factor in wild- 
fire development. Moore (12) reported from South Africa a Pseudomonas 
tabaci bacteriophage obtained from infected tobacco leaves and from the 
soil of heavily infected seed beds. She suggested that this agent might be 
a factor limiting the overwintering of the bacteria. Novikova (14) re- 
ported that a bacteriophage, which appeared in wildfire-infected tobacco 
leaves in Russia, reduced wildfire infection by 50 per cent or more when 
sprinkled on test plots. 

In reports of bacteriophages attacking other bacterial plant pathogens, 
conclusions concerning the effect of the phage on disease development have 
varied. Coons and Kotila (3) found that a phage active against Erwinia 
carotovora (Jones) Holland prevented rotting of experimentally inoculated 
earrot and potato slices. A bacteriophage attacking Pseudomonas solana- 
cearum E. F. Smith was reported by Kawamura (7) to protect tomato 
plants from wilting when incorporated in the soil. Thomas (15) reported 
that soaking corn seed in a phage of Bacterium stewartii E. F. Smith be- 
fore planting reduced infection from 18 per cent to 1.4 per cent. Massey 
(11) demonstrated a bacteriophage of Xanthomonas malvacearum (E. F. 
Smith) Dowson in soil where infected cotton had been growing. He con- 
eluded that the phage was a major factor limiting the persistence of the 
bacteria in the soil. On the other hand, Kent (8) could find little evidence 
that a phage of Agrobacterium tumefaciens (Smith and Townsend) Conn 
had any effect on disease development. 

It appeared possible that a bacteriophage might, by destroying cells of 
Pseudomonas tabaci, reduce the amount of wildfire on tobacco. The work 
reported in the present paper was performed to determine some of the 
properties of two bacteriophages of P. tabaci and P. angulatum. Efforts 
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were also made to obtain data on their frequency and possible relation to 
the incidence of wildfire and blackfire of tobacco. 


MATERIALS AND METHODS 


For most of the work the agar medium used contained 1 per cent dex- 
trose, 1 per cent peptone, 0.3 per cent beef extract, and 1.5 per cent agar. 
The broth used was of the same composition without the addition of agar. 
All media were adjusted to pH 7.2 with NaOH before autoclaving. 

The cultures of Pseudomonas tabaci and P. angulatum used were iso- 
lated from naturally infected material. In preliminary experiments a 
number of different isolates were ised. One isolate of P. angulatum which 
gave well-defined plaques with both phages was used for most of the labora- 
tory work. The stocks of this and other cultures were kept in broth (with- 
out dextrose) at about 2° C. Transfers were made from the stock to pro- 
vide the experimental cultures. 

Bacteriophage was isolated from field material by first grinding wild- 
fire- or blackfire-diseased leaves in a sterile mortar. Precautions were 
taken in handling to prevent contaminations from all except air-borne 
sources. In an effort to increase small quantities of phage, about 2 ml. of 
a 24-hr. broth culture of a susceptible strain of bacteria was added to the 
pulped leaves and the mixture transferred to a sterile 50-ce. centrifuge 
tube. After 24 hours’ incubation at room temperature the pulp was cen- 
trifuged at about 3000 r.p.m. for 15 min. The supernatant liquid was usu- 
ally distinctly alkaline to litmus. If not, it was made alkaline by the addi- 
tion of NaOH. The supernatant was then filtered through a Seitz EK filter 
pad. 

Tests for the presence of bacteriophage in the filtrates were made by 
first spreading a loopful of a 24-hr. broth culture on the surface of solid 
agar. A smaller loopful of the filtrate was then spread over the center por- 
tion of the area covered by the culture. After 24 hr. at room temperature 
a phage-containing filtrate was indicated by a clear area on the agar, sur- 
rounded by confluent bacterial growth. 

Stocks of bacteriophage were prepared by adding small quantities of an 
active filtrate to 100- to 200-ml. portions of 24-hr. broth cultures of bac- 
teria. After 48 hours’ further incubation the broth was centrifuged to 
remove bacteria, and the supernatant was made alkaline and filtered 
through a Seitz EK filter pad. 

The titer of active bacteriophage was determined by the plaque count 
method outlined by Delbriick (4). Small tubes containing 1.5 ml. of nu- 
trient dextrose with 0.5 per cent agar were heated and the agar cooled to 
about 45° C. Five drops of a broth culture of bacteria and a measured 
amount (usually 0.1 ml.) of an appropriate dilution of phage filtrate in 1 
per cent peptone were added. The mixture was immediately poured over 
the surface of solid agar in a Petri dish and spread by tilting the dish. As 
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soon as the uniform growth of the bacteria became visible, plaques were 


evident as clear spots in the agar. 


EXPERIMENTAL RESULTS 
Characterization of the Bacteriophages 

In preliminary work with the original isolate of bacteriophage, resistant 
strains of Pseudomonas tabaci were obtained by replating the isolated 
colonies that eventually appeared within lysed areas. Subsequent filtrates 
from field material were tested against both a susceptible culture and a 
resistant culture. In a number of filtrates a second bacteriophage was 
found which was capable of lysing both cultures. In an attempt to avoid 
mixtures, several serial transfers from single plaques were made before 
producing stocks of the two bacteriophages. 

Plaques of the first phage’ isolated (phage 1) on Pseudomonas tabaci, 


illustrated in figure 1, A, appeared as clear spots 0.5 to 1.5 mm. in diameter, 
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Fic. 1. Plaques of phage 1 (A) and phage 2 (B) on Pseudomonas tabaci. (x2) 


with a narrow granular border. Colonies of resistant bacteria appeared 
within these plaques after 24 to 48 hr. Plaques of phage 2 appeared as 
opaque spots surrounded by a relatively wide halo (Fig. 1, B). 

Strains of bacteria which were resistant to phage 1 were isolated readily 


from the secondary growth appearing within lysed areas. Strains resistant 


The problems of bacteriophage nomenclature seem to be similar to those eneoun- 
tered in plant virus nomenclature (6). A numbering system appears to be the most ¢on- 
venient and does not present problems which might be encountered in premature attempts 
at classification. While the bacteriophages attacking Pseudomonas tabaci previously 
reported by Moore (12), Dufrenoy (5), and Novikova (13) may be the same as one or 
both of the phages reported in this paper, the descriptions are not sufficient for compari- 
sons. Accordingly, the terms Pseudomonas tabaci phage 1 and P. tabaci phage 2 are 
proposed for the phages described here. For convenience the terms are shortened to 


‘*phage 1’’ and ‘‘ phage 2’’ in the text. 
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to phage 2 were obtained with more difficulty. Strains selected for resist- 
ance to either of the phages were susceptible to the other. 

The two bacteriophages differed in a number of other respects. The 
thermal inactivation points for 10-min. exposures of undiluted broth fil- 
trates were 66° C. for phage 1 and 56° C. for phage 2. Phage 1 was stable 
in nutrient dextrose broth for at least 1 hr. between pH 4.0 and pH 10.5, 
but not at pH 3.5 or pH 11.0. Phage 2 was nearly completely inactivated 
in 1 hr. at the extremes which phage 1 tolerated, being stable only between 
pH 5.0 and pH 10.0. Phage 1 caused a marked clearing of actively grow- 
ing broth cultures of susceptible bacteria, whereas phage 2 caused only 
slight clearing, or none at all. 


Variations in the Reactions of Different Isolates of Pseudomonas 
tabaci and P. angulatum to the Phages 

It was apparent from the preliminary experiments that Pseudomonas 
tabaci and P. angulatum were equally susceptible to both phages. This 
result coincides with Braun’s (2) demonstration that the two organisms 
are culturally and serologically indistinguishable. 

In testing a number of isolates of the bacteria, however, variations were 
found in type of reaction to the phages, and in the kinds of plaques pro- 
duced. One such variation was found with four of 25 Pseudomonas tabaci 
isolates and eight of 20 P. angulatum isolates. Undiluted filtrate contain- 
ing phage 1 produced clear areas when applied to the surface of agar pre- 
viously spread with broth cultures of these isolates. When phage 1 was 
diluted 1: 100 or more, however, it failed to produce plaques on these iso- 
lates. On other susceptible cultures, plaques were produced by phage 1 at 
dilutions of 1: 10° or more. 

The adsorption of phage 1 on several of these isolates was determined by 
mixing broth cultures with the phage and centrifuging after various 
periods. The amount of unadsorbed phage remaining in the supernatant 
was low and was approximately the same as with a normally susceptible 
isolate. In other experiments, incubation of phage 1 with these cultures in 
broth resulted in a loss of phage activity rather than an increase. Appar- 
ently the phage is adsorbed on the bacterial cells and prevents their multi- 
plication. Instead of increasing, however, the adsorbed phage is inacti- 
vated. The behavior of these cultures resembles that reported by Luria 
and Delbriick (9) for ultraviolet irradiated T, bacteriophage on Escher- 
ichia coli. 

Another type of reaction was encountered with phage 2 on about 75 per 
cent of the isolates of both Pseudomonas tabaci and P. angulatum. In 
these cases the plaques were opaque instead of clear. On the supposition 
that a high proportion of resistant bacterial cells in the cultures might 
produce this effect, bacterial growth from the center of the plaques was 
replated by streaking on agar. In every case two distinct types of colonies 
were obtained, one flat and translucent, the other raised and white. Cul- 








940 PHYTOPATHOLOGY [ Vou. 40 


tures from the white colonies reacted to phage 2 as did the original culture. 
Cultures from the translucent colonies showed no plaques or lysis when 
tested with phage 2. The supernatant liquid from centrifuged broth cul- 
tures of these flat colonies, however, contained a high concentration of 
phage 2. Both the bacteria and the phage could be maintained apparently 
indefinitely through serial transfers in broth. Raised, white colonies, free 
from phage, were readily obtained from these lysogenic cultures by streak- 
ing on agar. 

When dilutions of cultures from the raised, white, phage-free colonies 
were plated on agar and undiluted phage 2 filtrate added, the colonies were 
all of the flat, translucent type. Figure 2 shows the two types of colonies 





broth culture was spread over the surface of the agar, igeenyte phage 2 was spread over 
the left half of the plate. The flat, translucent colonies are lysogenic. (x 2) 


Fig. 2. The effect of phage 2 on one isolate of Pseudomonas tabaci. After a diluted 


produced when phage 2 was spread over one-half of a Petri dish on which 
a diluted bacterial culture had been plated. The number of colonies was 
reduced in the presence of phage 2, the reduction varying with different 
isolates from 10 to 80 per cent. 

The changed appearance of colonies grown in the presence of phage 2 
is evidence that some physiological change in the bacterial cells was caused 
by the phage. Whatever the nature of this change, it does not seem to 
affect the pathogenicity of the bacteria, since lysogenic cultures of Pseudo- 


monas tabaci produced typical wildfire symptoms on tobacco. 


Morphology of the Phages 


Electron microscope examination revealed morphological differences be- 
tween the two phages. Material was prepared for examination by centri- 
fuging broth filtrates at about 25,000 g¢ for 30 min. The opalescent sedi- 
ment was suspended and diluted in solutions containing 0.001 M KCl and 
0.001 M CaCl,. Drops of these phage-containing solutions were dried on 


formvar films and shadow-cast with uranium. 
Phage 1 appeared (Fig. 3, A) as tailed particles similar to several of the 
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T series of Escherichia coli bacteriophages (10). The heads were about 85 
mp in diameter, and the tails about 110 mp long. Particles of phage 2 
(Fig. 3, B) were without visible tails, and about 85 my» in diameter. A 
conspicuous feature of these particles were the three or four more dense 





Fig. 3. Electron micrographs of uranium-shadowed phages of Pseudomonas tabaci 
and P. angulatum. A, phage 1; B, phage 2. (x 35,000) 
areas on or within the particles. Close observation of the shadows indicated 
that the dense areas were probably associated with protuberances on the sur- 
face of the particles. 


Host Range of the Bacteriophages 

The susceptibility of a number of bacterial species to phage 1 and phage 
2 was determined. <A few cultures were isolated from diseased material, 
but at least one culture of each species was obtained from other labora- 
tories.” 

The following species were not susceptible to either phage 1 or phage 2: 
Agrobacterium tumefaciens (Smith and Towns.) Conn; Bacterium stewartu 
E. F. Smith; Corynebacterium fascians (Tilford) Dowson; C. michiganense 
(Smith) H. L. Jensen; Erwinia carotovora (Jones) Holland; Escherichia 
coli (Migula) Castellani and Chalmers; Micrococcus pyogenes var. aureus 
(Rosenbach) Zopf; Pseudomonas aeruginosa (Schroeter) Migula; P. aptata 
(Brown and Jamieson) Stevens; P. cerasi var. prunicola Wilson; P. fluores- 
cens Migula; P. solanacearum E. F. Smith; Serratia marcescens Bizio; 
Xanthomonas beticola (Smith et al.) Breed et al.; X. campestris (Pammel) 
Dowson; X. malvacearum (Smith) Dowson; XY. phaseoli (Smith) Dowson; 
X. vesicatoria (Doidge) Dowson. 


2 For providing diseased material or cultures the author wishes to thank Drs. W. B. 
Allington, A. C. Braun, W. H. Burkholder, D. W. Chamberlin, J. G. Dickson, J. P. Fulton, 
H. E. Heggestad, and Curt Leben. 
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One species, Pseudomonas lachrymans (Smith and Bryan) Carsner, was 
susceptible to phage 1. Five isolates, three of them from different geo- 
graphic areas, all behaved similarly. The reaction was like that of the 
previously described P. tabaci and P. angulatum isolates, in which a combi- 
nation of the phage and the bacteria resulted in no further multiplication 
of either. 

Three species, Pseudomonas coronafaciens (Elliott) Stapp (three iso- 
lates), P. phaseolicola (Burkholder) Dowson, and P. syringae Van Hall 
(two isolates), were susceptible to phage 2. Opaque plaques were produced, 
similar to those on many of the isolates of the tobacco pathogens. In broth 
cultures phage 2 increased on each of the three species. 

The pathogenicity of the species of bacteria susceptible to phage 1 or 
phage 2 was checked by inoculating tobacco and a common host for the 
species. None of the four species infected tobacco under conditions which 
resulted in heavy infection by Pseudomonas tabaci. Portions of the same 
inoculum caused moderate to heavy infection on the following hosts: P. 
lachrymans, cucumber; P. coronafaciens, oats; P. phaseolicola, cowpea; P. 


syringae, cowpea. 
Stability of the Phages in Salt Solutions 


In connection with observations on the stability of the phages it was 
found that dilution in distilled-water solutions of the salts of monovalent 
cations caused rapid inactivation. Trials were run on filtrates diluted in 
1 per cent peptone to a concentration of 3 to 5x 10° active particles of 
bacteriophage per ml. This was then diluted 1:100 in the salt solutions 
and 0.1-ml. quantities plated after 20 min. Control dilutions were made in 
1 per cent peptone. 

TABLE 1.—The inactivation of phage 1 in solutions containing monovalent cations. 


The phage in 1 per cent peptone was diluted 1: 100 in the salt solutions, and 0.1-ml. por- 


tions plate d after 20 min. 


Number of plaques produced by 0.1 ml. of the 
Molar following phage-containing solutions 


concentration 


NaCl NH,Cl KCl KNO, KBr K.SO, 
0.2 2 2 ] 9 6 4 
0.1 13 83 2 7 7 6 
0.05 4 85 94 11 4 l 
0.025 6] 14] 73 304 359 3 
0.012 154 178 134 339 286 197 
Control 213 242 258 503 486 517 


(] per cent peptone 

Representative results are presented in table 1. Solutions of 0.05 molar 
coneentration or greater caused nearly complete inactivation of phage 1 
in 20 min. In other trials, inactivation did not occur when the salts were 
dissolved in broth or 1 per cent peptone, nor did it oceur in distilled water 


alone. Similar results were obtained with phage 2. 
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In contrast to this effect, solutions containing divalent cations did not 
inactivate either phage. It was further found that rather low concentra- 
tions of divalent cations prevented inactivation by monovalent cations. The 
results of one trial to determine the concentration of CaCl, necessary to 
prevent inactivation by solutions containing different concentrations of 
KCl are shown in table 2. Two other trials gave similar results. Appar- 
ently the ratio of calcium to potassium necessary for the prevention of 
inactivation is not constant for different concentrations of potassium, but 
increases with increasing potassium. 

TABLE 2.—The antagonism of the inactivating effect of KCl on phage 1 by CaCl,: 
number of plaques produced by 0.1 ml. of solutions containing KCl and CaCl, when plated 
20 min. after the addition of phage 1 





Concentration of CaCl,, molarity x 10‘ 





Cone. _ rm ci eae 

KCL 9) (0.25 (05 1 2 4 6 8 10 20 40 
0.1M 6 4 69 132 204 214 
0.2 M 1 2 33 116 257 247 
0.3 M 0 8 15 269 230 
0.4 M 0 0 0 162 216 





A similar reaction to monovalent cations has been described by Adams 
(1) for the T series of Escherichia coli phages. The reactions of phage 1 
and phage 2 differed somewhat from those of the T series, which were de- 
scribed as being relatively stable at sodium ion concentrations of 0.4 N or 
greater. Phages 1 and 2 were inactivated equally as rapidly at NaCl con- 
centrations of 1 M as at 0.2 M. 


TABLE 3.—Relative effectiveness of different divalent ions in antagonizing the in- 
activating effect of 0.2 M KCl on phage 1: number of plaques produced by 0.1 ml. of 
solution containing 0.2 M KCl and a divalent salt when plated 20 min. after the addition 
of phage 1 





Concentration 


Divalent of divalent salt, molarity x 10° 
salt 0.1 0.2 0.4 0.6 0.8 1.0 2.0 4.0 
CuCl, 16 27 
NiCl, 0 113 317 
CoCl, 0 0 309 396 
ZnCl, 0 7 286 352 
MgCl, 0 0 12 240 361 
CaCl, 5 4 154 344 
SrC\L, 0 218 327 
BaCl, 1 1 33 313 


The ability of different cations to antagonize the inactivating effect of 
0.2 M KCl on phage 1 is shown in table 3. These results were typical of 
two other series of similar trials. There were found consistent and striking 
differences in the effects of the chlorides of the different metals. Arrange- 
ment of the cations in the order of effectiveness duplicated the arrangement 
of those metals in the electromotive series. 
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In an effort to determine the nature of the inactivating effect of mono- 
valent cations, inactive phage 1 was prepared for electron microscopy. Sedi- 
mented phage was taken up in a small quantity of 0.2 M KCl. After stand- 
ing 20 to 30 min. the phage and salt were diluted further with distilled 
water. Tests showed that this material was nearly or completely inac- 
tive. An electron micrograph of an inactive preparation of phage 1 is 
shown in figure 4. The heads of the particles appear to be flattened much 





Fic. 4. Electron micrograph of phage 1 which was inactivated by exposure to 0.2 M 
KCl for 20 min. (x 35,000) 
more than in active preparations, and in many cases the tails have sepa- 
rated from the heads. The inactivation by monovalent cations is appar- 
ently due to a disruption of the particle. 

The Presence of Bacteriophage in Infected Field-Grown Tobacco 

It was thought that if bacteriophage was a factor affecting the incidence 
of tobaceo wildfire it might be possible to correlate its presence or absence 
with the severity of the disease in the field. Collections of diseased tobacco 
were made from as many fields as possible, the fields selected being classed 
either as heavily infected or lightly infected. Diseased portions of a num- 
ber of leaves from each field were ground, incubated with a susceptible 
culture of bacteria, and filtered. The filtrates were tested against bacterial 
cultures resistant to phage 1, resistant to phage 2, cultures resistant to both 
phages, and cultures susceptible to both phages. The assumption was made 
that the reactions of these four cultures would be sufficient to identify any 
phage found as being phage 1, phage 2, or distinct from either of these. 

The results are presented in table 4. Bacteriophage was obtained from 
nearly half of the samples collected, and in every case was apparently 
either phage 1 or phage 2, or a mixture of these. While the number of 
samples and the amount of tobacco sampled were rather small for definite 
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TABLE 4.—The occurrence of bacteriophages in wildfire- and blackfire-diseased to- 
bacco collected from fields during two seasons 





Number of samples Percentage of 


Source Disease aatine containing: samples con- 
Phage 1 Phage 2 Both phages taining phage 
Heavily Wildfire 18 3 5 3 61 
infected Blackfire 14 4 9 1 50 
fields 
Lightly Wildfire 8 2 1 0 37 
infected Blackfire 19 2 2 2 31 
fields 


conclusions, the results indicated that phage was more commonly encoun- 
tered in material from heavily infected fields than in material from lightly 
infected fields. The results are similar to those of Novikova (13), who 
found that phage was present in wildfire-infected tobacco leaves more com- 
monly in the late stages of an epidemic than in the early stages. 

From the results obtained, it appeared that bacterial multiplication and 
spread occurred before the phages appeared, or that the infection was not 
hindered by the presence of phage. The presence of large numbers of the 
bacterial host would, of course, provide more favorable conditions for the 
increase of bacteriophage than would small numbers of bacteria in widely 
scattered lesions. The results suggest that this is the case, rather than that 
the presence of bacteriophage prevented heavy initial infection. 


Effect of the Phages in Preventing Experimental Infection 


Experiments were designed to determine whether application of the 
two phages to young tobacco plants before inoculation would have any effect 
upon the amount of disease. Tobacéo seedlings in the 3- to 4-leaf stage were 
sprayed with undiluted filtrates of either phage 1 or phage 2, or with a 
mixture of equal quantities of the two filtrates. In the greenhouse experi- 
ments, 5 ml. of filtrate was applied to the seedlings in each pair of 6-in. pots. 
In the field experiments, 12 ml. of filtrate was applied to each 23-ft.-square 
section of seed bed. To avoid complications due to the presence of Pseudo- 


TABLE 5.—The amount of wildfire infection on seedling tobacco sprayed with bac- 
teriophage and then inoculated with Pseudomonas tabaci 


Percentage of plants diseased after 


: . F inoculation with Pseudomonas tabaci 
Seedlings sprayed with: 


Fielda Greenhouse? 
Phage 1 87 17 
Phage 2 95 49 
Phage 1 and phage 2 39 16 
Unsprayed control 100 97 


4 Sprayed at the rate of 2 ml. of filtrate per sq. ft. of bed area. 
> Sprayed at the rate of 12 ml. of filtrate per sq. ft. of pot area. 
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monas tabaci toxin in the filtrates, the bacteriophages were increased on 
P. angulatum. Untreated control plants and the treated plants were inocu- 
lated with P. tabaci about 1 hr. after the phage applications. 

The results, in table 5, are the averages of four replications in the 
greenhouse and two replications in the field. A reduction in the percentage 
of plants infected in the field trials was obtained when both phages were 
applied. When each phage was applied separately, the percentage of in- 
fected plants was nearly equal to the control, but the number of wildfire 
lesions per plant ranged from 0 to 3, as compared with 5 to 20 for the con- 
trol. In greenhouse tests the protective effect of spraying with the phages 
was more marked. This may have been due to the higher rate of applica- 
tion. 

The results show that the presence of bacteriophage on the surface of 
the leaf can reduce the amount of infection by Pseudomonas tabaci. The 
fact that only partial protection was obtained by a quantity of phage which 
probably far exceeded that which might be expected to occur naturally 
indicates that phage probably is not an important factor in preventing 
the infection of healthy leaves. Whether the infection that did occur was 
due to incomplete coverage by bacteriophage or to the presence of some 


resistant bacteria in the inoculum was not determined. 


Natural Occurrence of Phage-Resistant Bacteria 


It was thought that the natural occurrence of strains of bacteria resistant 
to the phages might be of some epidemiological significance. The existence 
of such strains would imply that susceptible strains had been eliminated by 
contact with bacteriophages. To get data on this point, cultures were iso- 
lated from diseased material and tested for susceptibility to phage 1 and 
phage 2. The majority of the isolates were from diseased tobacco, but a 
number of cultures of Pseudomonas tabaci were obtained from soybean, 
Lima bean, and cucumber. The latter two hosts were found in close prox- 
imity to diseased tobacco. 

Of 25 isolates of Pseudomonas tabaci, six were resistant to phage 1. It 
was striking that all of the isolates resistant to phage 1 were obtained from 
either soybean, Lima bean, or cucumber. The identity of these isolates was 
ehecked by inoculating tobacco in the greenhouse. While the six isolates 
showed minor differences in the severity of symptoms produced, the differ- 
ences were no greater than between symptoms produced by different isolates 
of P. tabaci from tobacco. Each of these six isolates was susceptible to 
phage 2. Other isolates of P. tabaci from soybean, Lima bean, and cucum- 
ber were susceptible to phage 1. 

Of the 25 isolates of Pseudomonas tabaci, five obtained from tobacco 
were resistant to phage 2. None of 20 isolates of P. angulatum was resist- 
ant to either phage 1 or phage 2. No isolates resistant to both phages were 
obtained from field material. 

There was no apparent correlation between phage resistance of the iso- 
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lates and the damage which had been done to the tobaceo in the field. In 
greenhouse tests no differences in pathogenicity could be detected between 
phage-resistant and phage-susceptible strains. 


DISCUSSION 


The investigation indicated that bacteriophages of Pseudomonas tabaci 
and P. angulatum are found rather frequently in tobacco infected with 
these organisms. The effect of the two phages on the bacteria being known, 
it is a natural assumption that they may play a role in reducing the infection 
of tobacco. None of the data obtained, however, indicates that the role is a 
major one. It became evident during the investigation that the type of 
data obtained might not be sufficient to indicate whether or not bacterio- 
phage was a factor in limiting the amount of disease. The effect of phage, 
for example, might vary quantitatively under different environmental con- 
ditions. It seems evident that for chance contact to occur between phage 
and bacteria during the process of bacterial dissemination there must be a 
relatively large amount of phage present. If this does occur it would be 
only after large numbers of the bacterial host were present, presumably 
only following widespread and heavy infections. It seems possible that 
bacteriophage would be much more effective in reducing the numbers of 
bacteria when they were massed together in lesions than during the process 
of dissemination. Bacteriophage might, therefore, be a factor in reducing 
the amount of potential inoculum provided by an early heavy infection. 
This might explain why at times after heavy primary infection there is 
little secondary infection in spite of what appear to be favorable conditions. 

The application of concentrated phage to prevent the infection of to- 
bacco does not seem to be a promising control measure. Seed-bed infec- 
tion can be much more readily controlled by the application of copper and 
other compounds. It might be possible that the application of phage to 
localized field infections would be of some benefit in reducing the spread 
of the disease. 

A rapid increase and spread of phage-resistant strains of bacteria would 
tend to nullify any effect of the phage on the disease. The fact that such 
strains were encountered relatively infrequently in field material may mean 
that contact with bacteriophage does not occur frequently enough to elimi- 
nate a significant proportion of the susceptible bacteria. Or it may indicate 
that phage-resistant strains are somewhat less pathogenic under natural 
conditions. 

The use of bacteriophages to identify plant-pathogenic bacterial isolates 
has been proposed by Thomas (16) and Thornberry, Braun, and Elrod 
(17). The rapidity and convenience of the method weigh strongly in its 
favor when compared to other more tedious methods. The susceptibility 
of more than one species of bacteria to the same phage, however, limits 
the applicability of the method, since the value of phages for identification 
depends upon their specificity. It seems reasonable to assume that the 
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stocks of the two Pseudomonas tabaci phages used in this work, having 
originated from single plaques, were not mixtures with phages which might 
be specific for the other bacteria found susceptible. The susceptibility of 
four other species of bacteria, out of 22 tested, indicates the necessity for 
knowing the potentialities of the phages used for identification. Although 
it was evident that the pathogenicity of the species of bacteria tested was 
more specific than phage susceptibility, it seems possible that a suitable col- 
lection of bacteriophages could be used to differentiate between most species 
of bacteria. Another factor complicating identification by bacteriophage 
is the existence of phage-resistant bacterial strains. This difficulty might 
be minimized by using mixtures of two or more bacteriophages attacking 
the same species. 


SUMMARY 


Two bacteriophages attacking both Pseudomonas tabaci and the closely 
related P. angulatum were isolated from wildfire- and blackfire-diseased to- 
bacco. Phage 1 had a higher thermal inactivation point (66° C.) than 
phage 2 (56° C.) and was stable over a wider range of pH. Electron 
micrographs of phage 1 showed characteristic tailed particles, whereas 
phage 2 appeared as round or slightly irregular particles, with no tails. 
Each phage lysed strains of bacteria resistant to the other. 

On some isolates of the bacterial host, phage 1 killed the cells, but did 
not multiply. In the presence of an excess of phage 2 many bacterial iso- 
lates produced colonies which were abnormally flat and translucent. Such 
colonies were lysogenic, but normal phage-free colonies could be obtained 
from them readily by replating. 

In addition to the two tobacco pathogens, Pseudomonas lachrymans was 
susceptible to phage 1; and P. coronafaciens, P. phaseolicola, and P. syrin- 
gqae were susceptible to phage ae 

Both phages were inactivated when diluted in solutions containing 
monovalent cations. . The presence of low concentrations of divalent cations 
prevented inactivation. The efficiency of this antagonism was correlated 
with the position of the divalent metal in the electromotive series. Electron 
micrographs of KCl-inactivated phage 1 showed flattened particles with 
many of the heads and tails separated. 

One or both phages were obtained from nearly 50 per cent of the field 
eollections of tobacco wildfire and blackfire. Collections from heavily dis- 
eased fields contained phage more frequently than those from lightly dis- 
eased fields. 

Spraying tobacco seedlings with the phages reduced the amount of in- 
fection from subsequent inoculation with Pseudomonas tabaci, the greatest 
reduction being obtained with a mixture of the two phages. 

Six of 25 isolates of Pseudomonas tabaci from field material were re- 


sistant to phage 1; five of the 25 were resistant to phage 2. None of 20 


isolates of P. angulatum was resistant to either phage. 
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It was believed that the bacteriophages might reduce the spread of dis- 


ease from heavily infected leaves, but that they were probably not a major 
factor in checking initial infection. 
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A BIOASSAY FOR TETRAMETHYLTHIURAMDISULFIDE! 


CurRT LEBEN AND G. W. KEITT2 
(Accepted for publication March 23, 1950) 


In the study of various types of toxicants, agar diffusion techniques em- 
ploying microorganisms as indicators have been in use for a number of 
years. Reddish in 1929 (8) reported that the antiseptic action of salves or 
surgical catgut could be observed by placing these materials on agar plates 
seeded throughout with a bacterium. The test material was considered to 
have desirable antiseptic properties if, after a period of incubation, a zone 
of inhibition was produced around it. Inhibition zones were likewise noted 
around depressions in the agar, when these depressions contained a liquid 
antiseptic dye. In the field of plant pathology, Palmiter and Keitt in 1937 

7) studied the comparative fungicidal action of copper-lime-arsenic mix- 
tures by placing small agar cylinders containing equal weights of various 
mixtures in agar plates seeded with Gibberella zeae (Schw.) Petch and not- 
ing the size of the clear zones around the cylinders. In the work of Abra- 
ham et al. on penicillin in 1941 (1) agar diffusion methods were adapted 
for the quantitative determination of a single substance, and since that time 
diffusion techniques have been used widely and are of great value in the 
study and routine assay of a number of antibiotics. They also have been 
used in the assay of certain vitamins (see 3). More recently in the field 
of plant pathology, diffusion methods have been employed for the detection 
of various fungicides on treated seeds (6) and in the assay of an antibiotic 
on plant leaves (4 

The purpose of the present paper is to describe an agar diffusion assay 
for tetramethylthiuramdisulfide (thiram) and Arasan SF, which contains 
thiram as the active ingredient. A preliminary note on this work has al- 
ready appeared (5 

THE ASSAY 


The thiram assay is an agar-plate method employing the fungus Glom- 
erella cingulata (Stoneman) Spauld. and v. Schrenk as the assay organism. 
Blotting-paper disks containing the fungicide are placed on the surface of 
seeded agar in Petri plates, and the size of the zones of inhibition around 
the disks is noted after incubation. With a known size of zone produced by 
a given preparation, the thiram concentration of this preparation can be 
determined by reference to a dosage-response curve drawn on the basis of 
the size of inhibition zones produced by known amounts of thiram. The de- 
tails of the assay follow. 

1 Published with the approval of the director of the Wisconsin Agricultural Experi- 
ment Station. Supported in part by grants from the Schenley Research Institute and the 
Wisconsin Alumni Research Foundation. 

2 Assistant professor and professor, respectively. The authors are indebted to Paul 
W. Barnhill and George J. Stessel for technical assistance, and to Norman P. Neal, Paul 


E. Hoppe, and Edwin Blaney for various lots of seed. Thanks are also expressed to 
Eugene Herrling, who prepared the illustration. 
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The ingredients of the assay medium and the method of seeding the 
Petri plates with G. cingulata are the same as described for the assay of 
antimycin A (2). The fungicide in absolute ethanol was carried in blot- 
ting-paper disks 6 mm. in diameter. The disks were dipped into the prep- 
aration to be tested, drained in a uniform manner, and placed on the seeded 
agar. For each preparation there were six replicate disks, each on a dif- 
erent plate; usually four disks containing four different preparations were 
placed on one plate. For a standard, which was set up each time the assay 
was run, four concentrations of thiram* in ethanol were likewise placed in 
plates in six replications.*| After an incubation period of 24-30 hr. at 28° 
C. the diameter of the inhibition zones was measured to the nearest milli- 
meter and the average for the six replicates calculated. A standard curve 
was constructed with the diameter of the inhibition zone and the log of the 
thiram concentration as coordinates: a straight-line function was shown 
from 2.5 to 20yg. per ml. A representative standard curve is given in 
figure 1. The thiram concentration of a preparation of unknown thiram 
I 7 
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TETRAMETHYLTHIURAMDISULFIDE, MICROGRAMS PER ML 
Fig. 1. The relation of the concentration of tetramethylthiuramdisulfide in blotting- 
paper disks to inhibition zone size. 


content was determined by interpolation (sometimes extrapolation) of the 
standard curve. No inhibition zones were produced by disks of blotting 
paper alone or by disks containing ethanol. 


3 We are indebted to G. F. Miles of E. I. du Pont de Nemours and Co. for our supply 
of thiram. 

* Care should be taken in the storage of standards. No loss in activity was observed 
in an ethanol solution containing 20 ug. of thiram per ml. that was kept 2 months at 8° C. 
However, an ethanol solution of 500 ug. per ml. lost approximately 75 per cent of the 
original activity on standing 3 weeks at 24° C. During this time the solution had dark- 
ened in color. 
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The dosage-response curve for Arasan SF was found to be parallel to 
that of thiram, the active ingredient. Thus, the amount of thiram in a 
given Arasan SF preparation could be determined by reference to the curve 
of the thiram standard. For a known quantity of thiram present, the 
amount of Arasan SF in a sample could readily be calculated, since Arasan 
SF is stated by the manufacturer to contain 75 per cent thiram. 

The accuracy of the method is illustrated by the average values ob- 
tained in seven assays on different days of solutions containing, respectively, 
2.5, 5.0, 10.0, and 20.0 wg. of thiram per ml.: 2.4 + 0.16; 5.1 + 0.19; 10.1 

0.81; 19.6 + 1.40 yg. per ml. Approximately the same order of varia- 
tion was noted when ethanol extracts from Arasan SF-treated corn (Zea 
mays lL.) seed were likewise assayed on seven different days. 

Treated corn seeds may be placed in the test plate® and the size of the 
inhibition zone taken as an indication of the amount of fungicide present. 
It was found, however, that if the amount of Arasan SF on the seed was in 
the range of the recommended dosage (0.5 oz. per bu.), the growth of G. 
cingulata in the whole plate was inhibited. Consequently, this fungus- 
medium combination was useful only for seeds containing smaller amounts 
of the fungicide. For the higher concentrations, clear-cut inhibition zones 
40-50 mm. in diameter were obtained by substituting Helminthosporium 
victoriae Meehan and Murphy and potato-dextrose agar for the usual fun- 


eus-medium combination. 


THE DETERMINATION OF ARASAN SF ON TREATED CORN SEED 


With the aid of the assay it has been possible to note the amount of 
Arasan SF on treated corn seed, a determination that cannot be made read- 
ily otherwise. The details of these tests are given in the following para- 
graphs. 

Ethanol was used to remove the fungicide from the treated seed for 
assay. A 20-gm. sample of seed (50-100 seeds, depending on the grade) 
and 100 ml. of absolute ethanol were placed in a 500-ml. Erlenmeyer flask, 
which was shaken for 15-30 min. in a reciprocating shaker.° The ethanol 
was decanted, diluted,’ and assayed as described above. A second and third 
extraction of the same seed were made the same way, except that 50 ml. of 
ethanol was used; these two fractions were assayed separately without fur- 
ther dilution or after concentration in vacuo. The ethanol extract from 
corn seed not containing thiram did not affect the assay. This was demon- 
strated by diluting given amounts of thiram in ethanol with equal volumes 
of either the extract or ethanol alone, and assaying the resultant solutions. 
Assay values were the same in each case. 

Using this extraction procedure the Arasan SF content of nine samples 

Seeds were placed, embryo side up, on the surface of the agar and pressed through 
the agar until they touched the bottom of the plate. In the ‘‘large flat’’ grade of seed, 
approximately one-half of the surface of the seed was in contact with the agar. 


Fifty-five 15-em. strokes per min. 
7 With our samples a 1 in 10 dilution with ethanol fell within the range of the assay. 
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of treated seed from two seed houses was determined. All samples were 
taken at random from the regular stocks and were said to have been treated 
by the slurry method with Arasan SF at the recommended dosage, 0.5 oz. 
per bu.s The different samples had been stored for various lengths of time 
before the tests were made; sample 25, however, was taken as the grain 
came from the slurry treater. The results of the tests are given in table 1. 


TABLE 1.—The bioassay of tetramethylthiuramdisulfide in ethanol extracts from 
20-gm. samples of corn seed treated with Arasan SF 


Amount extracted ina 





Sample aren Total Arasan SF 
number Extraction Extraction Extraction extracted» equivalente 
] 2 3 
mg. mg. mg. mg. oz. per bu. 
1 9.8 0.34 0.18 10.32 0.61 
2 13.0 0.61 < 0.15 13.61 0.81 
3 6.5 0.23 < 0.15 6.73 0.40 
8 8.7 0.28 < 0.07 8.98 0.53 
10 5.6 < 0.15 < 0.07 5.6 0.33 
21 10.3 0.25 0.05 10.60 0.64 
22 6.0 0.16 < 0.07 6.16 0.37 
24 3.8 0.06 0.01 3.87 0.23 
25-14 17.7 0.72 0.11 18.53 1.11 
25-24 17.8 0.78 0.12 18.70 1.12 
25-34 17.3 0.72 0.08 18.10 1.08 


a Each entry is the average of 3 to 7 determinations made at different times. 

b Entries with no definite values not included in this total. . 

¢ Calculated on the basis of 56 lb. per bu.; Arasan SF=75 per cent tetramethylthi- 
uramdisulfide. 

4 Same lot of seed, three different samples extracted and assayed. 
These data indicate that the various samples differed considerably in Ara- 
san SF content. Such factors as the erratic performance of the slurry 
treater or the way in which the grain was handled or stored may have con- 
tributed to this variation. 

In table 1 the amounts of thiram recovered in each extraction are noted. 
It is readily seen that most of the fungicide was removed by the first extrac- 
tion. However, it was possible to demonstrate by placing the extracted 
seeds in agar seeded with G. cingulata as described above that all three ex- 
tractions did not remove all of the thiram from the seed. The amount re- 
maining was roughly estimated by comparing the size of the inhibition 
zones around a number of seeds with that produced by specified amounts 
of thiram earried in disks, taking into account the fact that the seeds were 
larger than the disks and that approximately one-half of the seed was in 
contact with the agar. In this manner it was estimated that less than one 
per cent of the original thiram remained on the extracted seeds in each of 
the four samples examined (samples 1, 21, 24, 25-1). 

As corn seed was ordinarily handled in two seed houses, different lots 
were demonstrated to contain micro amounts of Arasan SF, even though 


8 Actually, slurry treaters were operated on the basis of a given weight of Arasan SF 
per given weight of seed, rather than per given volume of seed. 
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the seed had not been treated. Experience with 46 lots that had not been 
treated indicated that in over half of the lots detectable amounts of thiram 
were present, as determined by placing seeds in agar seeded with G. cingu- 
lata and noting the presence or absence of inhibition zones. In lots show- 
ing activity, from 0.04 to 0.4 yg. of thiram per seed was estimated to be 
present. Presumably this contamination resulted from handling procedures 


or from the air in the seed houses. 


DISCUSSION 

The adaptation of agar diffusion methods for the assay of toxicants 
used in the field of plant pathology offers interesting possibilities where 
small amounts of highly active substances must be determined. These 
techniques have been of value in the assay of an antibiotic on plant leaves, 
and the possibility of the determination of other protectant fungicides on 
the plant in the same manner has been suggested (4). It is possible that 
this type of assay may also be employed in the study of the movement of 
toxicants within plants. In the present investigation the adaptation of 
diffusion techniques for the determination of a fungicide that is used 
widely in the treatment of seeds is reported. Thus, it seems possible that 
similar methods may be of value in the determination of other diffusible toxi- 
cants of theoretical or practical interest to the plant pathologist. No spe- 
cial equipment beside that usually found in plant pathological laboratories 
is needed, and once the methods have been standardized assays may be made 
by persons with no advanced technical training. 

SUMMARY 

An agar-plate diffusion assay using the fungus Glomerella cingulata is 
described for tetramethylthiuramdisulfide and Arasan SF, which contains 
tetramethylthiuramdisulfide as the active ingredient. The assay has been 
used to determine the amount of Arasan SF on corn seed. 
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RELATIONSHIPS BETWEEN CERTAIN VIRUSES 
AFFECTING THE GENUS BRASSICA? 


RB. H. Larson, 8B. E. F. Mattaggsws, ann J. C. WAtEER 


(Accepted for publication March 25, 1950) 


Previous work with certain crucifer viruses has indicated that there are 
at least two groups: the Turnip Virus 1 group which includes cabbage black- 
ring virus (13), cabbage virus A (14), and horseradish mosaic virus (5) ; 
and the Cauliflower Virus 1 group which comprises cabbage virus B (14), 
cauliflower mosaic virus (11), and Chinese cabbage mosaic virus (12). The 
relationships have been established on the bases of physical properties as 
shown in table 1, by host range (4), and by cross protection (6). 


TABLE 1,.—Physical properties (inactivation points) of crucifer virusee studied 





a Aging in vitro nage Heatin 
viene (hr. at 20° C.) Dilution C°C, for 10 min.) 
Turnip Virus 1 group 
Cabbage black-ring (13)a 72 1-1,000 59 
Cabbage virus A (14) 192 1—10,000 60 
Cabbage black ring-spot (7, 8, 9) 72 1-700 60 
Horseradish mosaic (5) 96 1-15,000 62 
Cauliflower Virus 1 group 
Cabbage virus B (14) 144 1—500 78 
Cauliflower mosaic (11) 300 1-3 ,000 75 
Chinese cabbage mosaic (12) 96 1—6,000 75 


4 Numbers in parentheses refer to papers (Literature Cited) in which properties 
are reported. 

The present investigation is concerned with establishing the relationships 
of members of the above two crucifer virus groups on the bases of precipitin 
tests and electron microscopy. Elongated, flexuous particles have recently 
been reported (10) for a virus from Brassica nigra Koch. 


SEROLOGICAL TESTS 


An attempt was made to prepare antisera for seven isolates listed in table 
2. For the cabbage black-ring virus, cabbage virus A, cabbage virus B, 
cauliflower mosaic virus, and Chinese cabbage mosaic virus, the expressed 
infective sap from frozen tissue was centrifuged for 30 min. at 3000 r.p.m. 
and used for injection of rabbits. Successive intravenous injections of 0.5, 
intervals, followed by bleeding 10 days after the last injection. Two or three 
rabbits were injected with sap from each source of virus. For cabbage 
virus A and cabbage black-ring virus, sap from systemically infected 
Nicotiana glutinosa L. was used for injection; for the cabbage virus B, 


1, 1.5, 2, and 2.5 ml. of clarified sap were given in each case, at 2-day 


cauliflower mosaic virus, and Chinese cabbage mosaic virus isolates, it was 


1 This investigation was supported in part by a grant from the Wisconsin Alumni 
Research Foundation. The electron micrographs were made by L. D. Whittig, Depart- 
ment of Soils. 
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TABLE 2.—Sources of virus cultures used and symptoms produced on cabbage 
Name of Symptoms on Jersey a -_ pre Li 

virus Queen cabbage ant oeality origina aterature 
of collection isolates 

Cabbage Mild veinelearing and mild Cabbage— C. M. Tompkins (13) 

black-ring chlorotic mottle; rings and California 
Tompkins ringspots conspicuous ; mod- 
erate to severe necrosis as 
black spots or rings. 
Cabbage virus A Severe and chlorotic mot- Cabbage— R. H. Larson (3, 14) 
tling with slight irregular Wisconsin J.C. Walker 
necrotic spots; with or 
without veineclearing; mod 
erate leaf distortion and 
stunting. 
Cabbagi No early veinclearing, first Cabbage— K. M. Smith (7, 8, 9) 
black-ring symptoms are roughly cir England 
spot (Smith cular small chlorotic lesions 
with necrotie edges which 
turn into black necrotic 
rings and _ spots; older 
plants develop vein and 
midrib necrosis; necrosis 
more pronounced on _ the 
under leaf surface; slight 
stunting. 
Horseradish Coarse diffuse yellow-green Horseradish— G. S. Pound (5) 
mosaie mottling; small irregular Wisconsin W. W. Weber 
necrotic lesions; moderate 
stunting and leaf distor- 
tion. 
Cabbage virus B Mild veinclearing becoming Cabbage— J. C. Walker (14) 
prominent, sometimes as Wisconsin 
chlorotic veinbanding ; very 
mild mottle; little or no 
stunting or leaf distortion. 
Cauliflower Mild veinclearing; pro- Cauliflower— C. M. Tompkins (11) 
mosaic nounced veinbanding with California 
age; slight chlorotic mot- 
tle; symptoms less severe 
than for eabbage virus B. 
Chinese eabbage Moderate veinclearing fol- Chinese C. M. Tompkins (12) 
mosal lowed by coarse yellowish cabbage— 
veinbanding; mild chlorot California 


ic mottling symptoms less 
severe than for cabbage 
virus B. 


The isolates were maintained in stock culture at Madison, Wisconsin. 


necessary to use sap from recently infected young cabbage (Brassica oleracea 
var. capitata L., hort. var. Jersey Queen). The cabbage virus A and cabbage 
black-ring virus antisera reacted with healthy N. glutinosa sap but not with 
healthy cabbage sap. The antisera prepared by the injection of infected 
cabbage sap, however, did not react visibly with healthy cabbage sap. Anti- 
sera for horseradish mosaic virus and cabbage black-ring-spot virus (Smith) 


were prepared by intravenous injections of 2 ml. of infective heat-clarified 


N. glutinosa sap. For testing the antisera, all isolates were taken from 
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TABLE 3.—Relationship between loss of serological activity and loss of infectivity 
with the black-ring virus from Nicotiana glutinosa in expressed sap at room temperature 


Time in hours 





Treatment of Type of test Se - — 
infective sap , 0 24 48 72 
Serological— 
Virus end point 1:32 1:4 a a 
Unheated Infectivity— 
Number of loeal 
lesions per half 
leafb 139 124 30 0.25 
Serological— 
Virus end point 1:32 1:8 ES | a 
Heat-clarified : 
at 53° C. for Infectivity— 
4 min. Number of local 
lesions per half 
leafb 43 90 46 0.3 


a No precipitate. 

b Nicotiana tabacum L. var. Havana 38. 
young, recently infected cabbage. Infective sap prepared for testing by 
centrifuging alone gave fair clarification, but heating to 53° C. for 4 min. 
and centrifuging gave much better clarification with no detectable loss of 
those viruses that produced reactive antisera (Table 3). Potassium hydro- 
ven phosphate gave fair clarification, but there was some loss of virus. 

Precipitation in tubes in a water bath held at 30° C. was found to be 
most satisfactory. With this procedure no nonspecific precipitation oc- 


TABLE 4.—Summary of serological tests 


Results of tests with the virus indicated 


——" Cabbase Cabbage Horse- Cauli- Chinese 
»Tys » anbe 3 - . ‘ 
jn at Be abbage black radish Cabbage flower cabbage 
against black-ring ~. . oe rr 3 . abe 
5 sinte virus A ring-spot mosaic virus B mosaic mosaic 
s : ; - 
virus virus virus virus 


Cabbage 


black-ring virus 


(Tompkins) +s 0 0 0 
Cabbage virus A + t + 0 0 0 
Cabbage black- 

ring-spot virus 

(Smith) t 1 t ¥ - " ri 
Horseradish 

mosaie virus + + - t 0 0 0 
Cabbage virus B 0 0 - 0 0 0 0 
Cauliflower 

mosaic virus 0 0 _ 0 0 0 0 
Chinese 

cabbage 

mosaie virus 0 0 _ 0 0 0 0 


4+ indicates specific precipitate formed; 0, no reaction; —, no test made. 
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eurred for several hours even with infective sap that had been clarified by 
centrifuging alone. In all tests appropriate controls were set up with 
healthy sap as well as with normal serum. 

The reactive antisera gave titers up to 1: 16, while the highest virus end- 
point dilution found was 1:32 for the cabbage black-ring virus. Under 
these conditions it was not feasible to carry out cross absorption tests be- 
tween virus strains. All precipitation tests were carried out by the addition 
of 0.5 ml. of undiluted sap to 0.5 ml. of undiluted serum. 

The results of the tests are in table 4. No positive reactions with any 
antisera were obtained with cabbage virus B, Chinese cabbage mosaie virus, 
or cauliflower mosaic virus. However, the positive tests obtained with the 
other viruses show that cabbage black-ring virus, cabbage virus A, horse- 
radish mosaic virus, and cabbage black-ring-spot virus are all serologically 
related. The specific precipitates obtained with strains of the Turnip Virus 
1 group were of the rapidly forming open floecculent ‘‘H’’ type commonly 
produced by rod-shaped viruses, such as the tobacco mosaic virus and 
potato virus X. 


ELECTRON MICROSCOPY 


Johnson’s procedure. The following pressure-exudate technique was 
used in preparing plant virus material for examination under the electron 
microscope. Exudate (mainly vascular contents) of virus-infected plants 
was forced from a cut leaf margin by means of artificial water pressure 

1, 2). The first drops formed at the cut edges were collected with a 
micropipette and placed directly on the prepared supporting screen for use 
in the electron microscope. This procedure was tried for the four isolates of 
the Turnip Virus 1 group. Old and young leaves from recently infected as 
well as from healthy plants of cabbage and N. glutinosa were tested in each 
ease. A very small portion of a drop of the exudate was placed on a pre- 
pared electron microscope screen and withdrawn as completely as possible 

all specimens were mounted on collodion and shadowed with uranium). 
The remainder of the drop was inoculated to a half-leaf of a tobacco plant, 
NV. tabacum var. Havana 38. Although in a number of preparations rodlike 
structures and aggregated clumps of rods were observed (Fig. 1), in only 
one test (horseradish virus from an older leaf of infected N. glutinosa) were 
local lesions produced on the tobacco test plants. Thus from the above pro- 
eedure alone there seemed to be little evidence that the rods seen were 
the virus particles. Numerous rods and aggregations of rods were sometimes 
observed in preparations from healthy \V. glutinosa plants, particularly from 
older leaves (Fig. 2 

Evidence that such 1. qlutinosa plants were free of virus came from the 
facts that they showed no visible symptoms and that on inoculation to 
tobacco there was no reaction. 


Crude and heat clarified sap. Electron microscope mounts were pre- 


pared of crude and heat-clarified centrifuged preparations of infective and 











Fig. 1. Rods observed under the electron microscope in exudates obtained by John- 
son’s procedure from young leaf of cabbage plant infected with cabbage black-ring 
virus (Tompkins). (» 


Fie. 2. Rodlike structures in exudates obtained by Johnson’s procedure from older 
healthy Nicotiana glutinosa leaves. (x 36,000) 








960 PHYTOPATHOLOGY [ Vou. 40 





Fic. 3. Rods in specific precipitate of the cabbage black-ring virus from cabbage 
after treatment with its antiserum. (x 36,000) 
healthy V. glutinosa and cabbage saps. Mounts made with undiluted sap 
were usually too thick for examination. When the materials were examined 
at a dilution of 1 to 10, scattered rods were observed in infective sap and in 
preparations from sap of healthy N. glutinosa plants. However, good photo- 
graphs of rods could not be obtained with these preparations. 

Concentration by differential centrifugation. Freshly expressed in- 
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fective N. glutinosa and cabbage saps were heated at 53° C. for 4 min., and 
centrifuged at 5000 r.p.m. for 15 min. to throw down heavy coagulum. The 
clarified sap (200 ml.) in each case was centrifuged for 1} hr. in a Sharples 
Super Centrifuge at 50,000 r.p.m., using a batch bowl. The precipitate was 
resuspended in 15 to 20 ml. of distilled water and centrifuged at 3000 
r.p.m. for 15 min. In a number of runs with strains of Turnip Virus 1 
all the infectivity was removed from the supernatant liquid from the 
Sharples by this treatment. However, the final fraction never contained a 
greater concentration of virus than the original sap, as measured by local 
lesion counts on tobacco. Examination under the electron microscope 
showed the presence of rods in the original sap and in the final fractions, 
but not in the supernatant liquid from the Sharples centrifuge. Thus there 
was a correlation between the presence of rods and infectivity. 

Specific precipitation by antisera. Precipitating mixtures were set up, 
as for the serological tests, with 2 or 3 ml. of each reagent. Heat-clarified 
cabbage sap infected respectively with cabbage black-ring virus, cabbage 
virus A, horseradish mosaic, and cabbage black-ring-spot virus was used. 
After incubation in a water bath for 2 hr. at 30° C. the specific precipitates 
that formed were centrifuged at 3000 r.p.m. for 15 min., washed once with 
distilled water, and resuspended in 2 ml. of distilled water. In each case a 
number of control mixtures were set up containing antiserum plus healthy 
cabbage sap, and infective sap plus normal serum. A very slight pre- 
cipitate formed in the control mixtures on centrifuging, and these were 
washed, resuspended, and examined along with the specific precipitates. 
Numerous rods and aggregates of rods were found in the specific precipi- 
tates of all four isolates of the Turnip Virus 1 group when the washed re- 
suspended precipitates were examined under the electron microscope (Fig. 
3). No rods or aggregates were found in the control mixtures containing 
antiserum plus healthy cabbage sap. A few scattered single rods were found 
in the control mixtures containing normal serum plus infective sap. 


DISCUSSION AND SUMMARY 

The positive serological results obtained are evidence that the cabbage 
black-ring virus (Tompkins), cabbage virus A, cabbage black-ring-spot 
virus (Smith), and horseradish mosaic virus are all serologically related as 
shown by the precipitin tests, and confirm the relationship in this group es- 
tablished by other means. 

The fact that the virus-antiserum precipitates were of the rapidly 
forming open flocculent ‘‘H’’ type indicated that the virus particles were 
rod-shaped. Examination of the specific precipitates under the electron 
microscope showed the presence of numerous rod-shaped particles. 

There was a correlation between the presence of rods in and the infectiv- 
ity of centrifuged sap from plants infected with viruses of the Turnip 
Virus 1 group. 
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This association of rod-shaped particles with both infectivity and anti- 
eenicity suggest that strains of the Turnip Virus 1 group are long flexuous 
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REPORT OF THE THIRTY-SECOND ANNUAL MEETING OF THE 
PACIFIC DIVISION OF THE AMERICAN 
PHY TOPATHOLOGICAL 
SOCIETY 


The thirty-second annual meeting of the Pacific Division of The American Phyto- 
pathological Society was held at the University of Utah, Salt Lake City, Utah, June 
21-23, 1950, in conjunction with the meeting of the Pacifie Division of the A.A.A.S. 
Approximately 100 persons attended; Arizona, British Columbia, California, Colorado, 
Delaware, Hawaii, Idaho, Maine, Maryland, Massachusetts, Missouri, Montana, Nevada, 
Oregon, Washington, and Utah were represented. Included on the program were 40 
papers, a demonstration session with 10 papers, a banquet, and a field trip. Dr. M. D. 
Thomas, research chemist, American Smelting and Refining Company, Salt Lake City, 
addressed the banquet on ‘‘Use of Radioactive Isotopes in Plant Research.’’ The field 
trip included visits to the American Smelting and Refining Company’s laboratories 
where various fume problems are being investigated; to experimental plots for control 
of the sugar-beet nematode; and to the Utah State Experiment Station plots on fruit- 
tree virus studies. 

The following officers were elected for the calendar year 1951: President: Earle C. 
Blodgett; Vice-President: Wm. B. Hewitt; Secretary-Treasurer: George A. Zentmyer 
(2-year term) ; Councilor: S. M. Dietz (2-year term). 


ABSTRACTS OF PAPERS PRESENTED AT THE MEETING 

The effect of preceding crops and nutrients on the growth and seedling diseases of 
sugar beets in Montana. AFANASIEV, M. M., AND H. E. Morris. Sugar-beet seedlings were 
grown in the greenhouse in soil obtained from eight plots at Huntley Station, Montana, 
where for 5 years oats, corn, beans, potatoes, beets, and alfalfa were grown in seven 
separate plots; the eighth plot was summer-fallowed for 5 years. Eight greenhouse 
flats were used for each test. To seven flats the following nutrients were added: NPM, 
NP, NM, PM, N, P and M; the eighth flat was the check. Nitrogenous fertilizers (N) 
as a mixture of NaNO, and (NH,).SO, and phosphorus (P) as a treble superphosphate 
were used, each in the amount of 7.1 gm. per flat. Manure was added in the amount of 
1/5 of soil volume. Three rows of segmented, disinfected beet seeds, 40 seeds per row, 
were planted in each flat. Beets were grown for 1 month and harvested. Soon after 
harvest a second similar planting of beets was made in this same soil, no additional 
nutrients being added. The amount of seedling disease of beets (Aphanomyces, Rhi- 
zoctonia, and some other organisms) in the first planting gradually increased after these 
crops: beans, corn, potatoes, oats, fallow, alfalfa (plowed under), alfalfa, and beets. 
The amount of disease was small in all treatments after beans, corn, potatoes, oats, and 
fallow; moderately high after alfalfa, and high after beets. The amount of disease 
in the second planting practically doubled in comparison with the first. In general, 
greater increase in disease occurred in flats to which no manure was added, and in the 
check soils. 


Olive, a new host for the citrus-root nematode. BAINES, R. C., AND GERALD THORNE. 
Cross inoculation studies and microscopic examination revealed that the citrus-root 
nematode, Tylenchulus semipenetrans, from orange and olive roots is similar pathologi- 
cally snd morphologically. The nematode infested and reproduced more readily on 
sour-orange roots than on olive roots. However, the olive should be considered in a 
program for control of the nematode. 


Virus studies on seedling rootstocks from Mahaleb and Mazzard trees. BLODGETT, 
E. C., S. O. GRAHAM, AND H. E. WILLIAMS. Extensive indexing of seedling rootstocks 
of Mahaleb and Mazzard cherry in connection with the Nursery Improvement Program 
was started cooperatively by the Washington State Department of Agriculture and the 
Washington Agricultural Experiment Station during 1949. Bud-wood samples from 
local sourees of seed, about 900 Mahaleb trees and 52 Mazzard trees, have been indexed 
on either Lovell peach or Shirofugen cherry (or both). In one test, of 53 Mahaleh trees 
that indexed clean on peach, 21 gave a positive reaction on Shirofugen. Seeds collected 
in 1949, approximately 200 from each tree, were cleaned and stored in moist sand at 
34°-37° F. until April 1950, then planted in field plots. Germination prior to planting 
ranged from 0 to 100 per cent. Field emergence was variable. No definite virus 
symptoms are yet discernible, and there is apparently no consistent correlation between 
virus content of the parent tree and viability of the seed. Presence of virus in the 
parent trees varies widely, but apparently is more prevalent in the Mazzard trees. 
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ition from parent seedlings on uniform Mahaleb understock gave good evidence 


Propagat 
that faetors adversely affecting growth and producing leaf patterns were transmitted, 
particularly in cases that gave a positive reaction on peach indexing. 

( rol of yellows in the Marshall strawberry. CAMPBELL, LEO, AND E. P. 


BREAKEY. In a plot containing approximately 35 per cent yellows when planted adjoin- 
ing an old untreated field containing the disease, parathion dust gave 12.87 per cent sup- 
pression in the spread of yellows as compared with the untreated checks. Benzene 
hexachloride, methoxychlor, and Rothane dusts were ineffective. In a plot containing 10 
to 15 per cent yellows at planting time and adjoining an old field containing yellows but 
which was dusted twice with parathion during the blossom stage and then plowed 
under after harvest, the average percentage of yellows where benzene hexachloride, 
parathion, and tetraethyl pyrophosphate were used was 9.5, 13.37, and 10.35, respectively. 
In an isolated plot containing a trace of yellows when planted but in which every tenth 
plant was replaced with one having yellows which was removed after 2 months, 1.67, 
0.72, and 0.47 per cent yellows was found at the end of the season where benzene hexa- 
chloride, parathion, and tetraethyl pyrophosphate, respectively, were used. Benzene 
hexachloride, parathion, and tetraethyl pyrophosphate were used as 1 per cent dusts. 
In each plot there was a positive correlation between the suppression of yellows and the 
aphid kill by each of the insecticides. 


Infection of apple and rose with the ring-spot virus. CoCHRAN, L. C. In the fall 
of 1947, five series of five apple seedlings each were budded with peach buds containing 
ring-spot virus which had been assembled from different sources. In June 1948 ring 
and mottle patterns similar to those of apple mosaic were seen on one apple seedling in 
leaves adjacent to the inoculation points. Indexing all the apple seedlings, including 10 
untreated checks, by budding onto peach resulted in typical ring spot on peach only 
from the one symptom-expressing apple seedling. In May 1949 rings, mottle patterns, 
and distorted leaves were seen on single trees in each of the five lots. Indexing all the 
apple seedlings again in 1949 resulted in typical ring-spot symptoms on peach only from 
the five apple seedlings which had expressed symptoms. It is possible that the four addi- 
tional trees recorded in 1949, nearly 2 years after inoculation, had a few infected leaves 
in 1948 but were overlooked. No symptoms have been recorded on peach trees inoculated 
in October 1949 with four sources of apple mosaic. Eleven standard rose varieties were 
indexed by budding onto peach. Two of the peach trees developed ring spot, indicating 
that ring spot occurs naturally in rose. 


Passage of the ring-spot virus through peach seeds. COCHRAN, L. C. Evidence indi- 
cating passage of the ring-spot virus through seeds of Mazzard and Mahaleb cherries 
raised the question of similar passage through peach seeds. Seeds were collected from 
one experimentally infected Lovell and four naturally infected Rio Oso Gem peach trees. 
Two of the Rio Oso Gems had shown symptoms 2 years previously but had recovered and 
were showing no symptoms in the year of seed collection. None of the resulting seed- 
lings showed any symptoms of ring spot and all were indexed by budding one nursery 
test tree with three buds from each seedling. Of the 15 and 14 seedlings resulting 
respectively from the Rio Oso Gems showing current-season symptoms, none were in- 
fected. Of the 8 and 31 seedlings from the recovered Rio Oso Gems and 81 from the 
Lovell, four were infected, three of the 31 and one of the 81. The lots are too small 


to indicate percentages of transmission. Ring-spot virus from the seedlings produced 
severe symptoms in the test trees similar to those observed in the mother seed trees. 

Investigations concerning injury in tomato seeds treated with mercurials. Dickey, 
ROBERT S., AND PETER A. ARK. Tomato seeds (var. Pearson) were separated and the 
location and concentration of the mercury within the seeds was determined. Seeds 
treated with HgCl, 1: 1000 (10 min.) and washed in H.,O (15 min.) were germinated 


on blotters in Petri dishes and in pots in the greenhouse. No trace of mereury was 
detected at any time in the embryo after this treatment. On the 6th day after plant- 
i the mereury in the remaining parts of the seed showed a uniform lowering of con- 

tration to 30-35 per cent of the amount present immediately after treatment. The 
endosperm, with the cellular inner layer attached, was shown to contain 14-18 per cent 
as much mereury as the seed coat. The critical amount of mercury in the endosperm of 


nongerminated seeds was found to be 0.6—0.7 p.p.m. (at rate of 0.5 ml. solution for each 


ing 
n 


ee 


seed). Treated seeds were germinated in pots in the greenhouse which received given 
amounts of water each day. In both loam and sandy soils, a relationship was found 


between the amount of water supplied, the amount of mercury removed, and the germina- 


tion of the seed. 
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Studies on penetration of mereury into tomato seeds. DICKEY, ROBERT §8., AND 
Peter A. ARK. Pearson variety tomato seeds were treated with various concentrations 
of HgCl, and Ceresan. (New Improved, 5 per cent) solutions for 5-min. to 12-hr. periods. 
The ratio of the seeds to treating and washing solution was 1: 240 in all tests. The 
dithizone method was used in making the colorimetric determinations for the divalent 
mereury concentration. Various acid, basic, and alcoholic washing solutions were 
tested. The H.SO, washing solution proved to be the most efficient in removing all the 
mercury from the seed. Penetration of the mercury into seeds was found to be propor- 
tional to the log of the time-length of treatment. Penetration was more rapid in the 
ease of HgCl, solution. The penetration into the seed proceeded at an even rate from 
the epidermis to the embryo. A 15-min. washing of treated seed with H,O removed about 
33 per cent of the total mercury taken in by the seed; a 30-min. washing with 1N H.SO, 
solution removed 100 per cent. Seeds treated with HgCl, 1: 1000, 1: 2000, and Ceresan 
1: 1250 (10 min.) and washed with 0.1N H.SO, (30 min.) yielded 100 per cent germina- 
tion when grown in flats in the greenhouse. 


Amorphous vs. crystalline forms of DDT, benzene hexachloride, and sulfur. 
FEICHTMEIR, E. F. The production of amorphous droplets upon rapid evaporation of 
solutions of DDT, benzene hexachloride, and sulfur is described. This formation of 
amorphous droplets is probably a common phenomenon, since it occurs when many dif- 
ferent solvents are used. The greater vapor pressure of the amorphous form compared 
to that of the crystalline state is shown by time-sequence photomicrographs of crystals 
growing at the expense of amorphous droplets. The difference was also shown by the 
rates of evaporation while under 1 mm. Hg vacuum. The significance of this greater 
vapor pressure with regard to biological applications is discussed. 


Particles, possibly virus, isolated from orchids. GOLD, A. HERBERT. Two types of 
particles were isolated from orchids suffering from virus symptoms, and studied in the 
electron microscope. One of these, a sinuous rod, 19 my in diameter by 500 my in 
length, occurred in Cymbidium plants with symptoms of Cymbidium mosaic. The 
other, a rod 28 mp in diameter and variable in length, was found in Cymbidium leaves 
having other viruslike symptoms and in broken flowers of Cattleya plants. Purified 
preparations from Cymbidium mosaic plants induced symptoms in one plant of two 
inoculated. No symptoms have developed from two plants inoculated with a prepara- 
tion of the other rod-shaped particle. 


Fusarium leaf blight of tulips. GouLpD, CHARLES J. A Fusarium leaf blight of 
field and greenhouse-grown tulips has appeared occasionally in western Washington 
during the past few years. Infection is evident as soon as the plants emerge from the 
soil. The pathogen usually attacks only the lower leaves, producing symptoms varying 
from slight apical or marginal necrosis or spotting to a more or less general decay 
accompanied by curling and splitting. Stems may also be affected. The diseased area 
is brown and sometimes more or less covered with a white mat of mycelium and orange- 
red masses of conidia. Fusarium roseum Lk., isolated from field-infected Bartigon 
tulips in 1949, reproduced typical symptoms in greenhouse tests. 


Some aspects concerning seed transmission of lettuce mosaic virus. GROGAN, R. G., 
AND Roy BARDIN. Lettuce mosaic, which causes considerable damage in the commercial 
lettuce crop of the central coastal area of California, was seed-borne in all commercial 
seed lots which have been tested. In all lettuce seed fields so far examined, a high per- 
centage of the plants were affected with the disease. The amount of seed-borne mosaic 
carried by different varieties grown under comparable conditions varies from 1 per cent 
to 8 per cent, certain varieties carrying consistently higher percentages than others. 
In order to obtain accurate readings of seed-borne mosaic seedlings must be given ade- 
quate room to minimize competition for space and light, otherwise readings will be low 
because of crowding out of weak plants or failure of symptom expression. Attempts 
to rid seed of mosaic virus by hot-water treatment have failed because of the great 
reduction in germination before any apparent inactivation of the virus was effected. 
Separation of seed into light and heavy fractions by aspiration or gravity failed to in- 
crease or decrease the percentage of mosaic in any of the fractions. 


Camellia flower blight and its control. Harvey, J. M., anp H. N. HANSEN. 
Camellia flower blight, caused by Sclerotinia camelliae Hara, is an important disease of 
camellias occurring in California, Oregon, and the southeastern United States. Control 
of this pathogen is directed chiefly against the sclerotia which form in fallen flowers 
and are capable of producing apothecia for several seasons. The two chief control 
methods are sanitation and the suppression of apothecia. Sanitation involves merely 
the removal and destruction of all fallen flowers from around plants. Apothecia from 
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sclerotia embedded in the soil have been suppressed by application of Fermate with 
wetting agents suspended in water and poured on the soil at the rate of 6 lb. per 1000 sq. 
ft. Preliminary tests indicate that sulfur, applied at the rate of 0.05 lb. per sq. yd. to 
the surface of flats containing sclerotia, is effective in suppressing apothecia. In addi- 
tion to suppressing apothecia, sulfur is valuable in establishing a favorable low pH for 
the camellia plant and correcting a possible sulfur deficiency in some soils where camel- 


lias are grown. 


A Phomopsis disease of tomatoes in Hawaii. HENDRIX, J. WALTER. In a 1947 
winter planting of Pearl Harbor and several line-hybrid tomatoes at Poamoho, north 
Oahu, many unusual but distinctive stem lesions were observed on older plants. In a 
subsequent planting many mummified fruits accompanied the stem lesions. Repeated 
microscopic observations and culturing revealed a Phomopsis species. Stem lesions de- 
velop almost exclusively about the base of petioles and vary, depending upon size of 
stem, from 5 to 30 mm. in breadth and up to 60 mm. in length. Such lesions, character- 
ized by concentric rings spaced 1 to 2 mm, apart, seldom girdle or kill the plant. Leaf 
lesions have not been observed. Copious Phomopsis sporulation is common on petiole 
remnants and fruits but is rarely or never seen in lesions along the stem proper. 
Affected fruits, usually those approaching maturity, shrivel and dry to small, hard 
mummies. As many as 30 mummified fruits have been counted on individual plants. In 
one field of assorted varieties 800 plants had about 2,500 stem lesions and about 900 
mummified fruits. In another field 3,200 stem lesions and 950 mummified fruits were 
found on 350 plants. The causative agent is seed borne, it is systemic in part, and it 
grows best in potato-dextrose agar between 28° and 32° C. 

A virus disease of Hibiscus in Hawaii. HENDRIX, J. WALTER. A virus disease of 
undetermined identity is widespread on Hibiscus rosa-sinensis in Hawaii. Most pro- 
nounced diagnostic symptoms are yellow rings in the green foliage and green rings in 
yellowing, senescent leaves. The disease has been transmitted to healthy seedlings by 
grafting, but not yet by insects, dodder, or mechanical means. In some experiments 
symptoms appeared approximately 3 months after grafting; in others, 7 months were 
required for symptom expression. Among diseased plants stripped of their leaves, 
symptoms appeared in about 7 to 8 weeks after the advent of new foliar growth. The 
virus in vivo was not inactivated when 7-mm. cuttings were immersed in a 50° C, 
water bath for periods up to 20 min. Five-minute exposures at 55° C. were lethal to the 
cuttings. Transmission experiments revealed that in addition to flowering Hibiscus, H. 
arnottianus and H. abelmoschus are susceptible. Other malvaceous plants such as H. 
esculentus, H. tiliaceus, H. youngianus, H. sabdariffa, Sida fallax, Thespesia populnea, 
Gossypium barbadense, and G. hirsutum have consistently failed to develop symptoms 
when grafted with scions from diseased Hibiscus. 


Fanleaf of grapevines in California, Hewitt, WM. B. The fanleaf disease of the 
grapevine, first recognized in California in the spring of 1948, resembles very closely 
a disease known under different names in some of the European countries: in France, as 
eourt-noue of the type degenerescence infectieuse; in Portugal, as urticado; and in 
Italy, as dell’arricciamento and roncet. Symptoms of fanleaf are: early season dwarf- 
ing, shoot and leaf deformity; mottling and puckering of young leaves; flower cluster 
shelling; and recovery of the vines to apparently normal growth by midseason. Shoots 
are spindly, have short internodes, and tend to zigzag at the nodes. Young leaves cup 
slightly inward and stand upright along the axis of new shoots. Later they drop to a 
normal position. Deformed leaves oecur at the base of canes. The petiolar sinuses of 
such leaves spread out and the margins straighten. In some leaves, the margins bend 
upward and the five main veins become gathered together toward the midrib like a 
partially closed fan. The larger leaf veins are slightly translucent. Young leaves show 
a variegated light green mottling that decreases as the leaf matures. Fanleaf symptoms 
develop only on the early-season growth. As the season advances the leaves and canes 
on the new growth become increasingly normal until the vines are difficult to distinguish 
from healthy vines. The disease is being spread either in the rootstock or in the scion 
wood. 


Vosaic of Cymbidium orchids. JENSEN, D. D. A widespread mosaic disease of 
Cymbidium orchids is caused by a virus, and its incidence in commercial hybrids ranges 
from 15 to 70 per cent in California. The same disease is present in other parts of the 
United States and in plants imported from England and France. <A disease with similar 
symptoms has been reported from Australia. Mosaic symptoms appear as small, faintly 
chlorotie streaks and patches on the new leaves about 6 weeks after infection. Subse- 
quently the mosaic mottle becomes conspicuous and frequently is followed by necrotic 
spots, streaks, and rings. The virus is readily transmitted by mechanical inoculation 
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from Cymbidium to Cymbidium. It is a stable virus, retaining infectivity in vitro for 
at least 7 days at room temperature. It remains infective in juice heated for 10 min. 
at 60° C. but is inactivated at 65° C. The host range appears to be limited; no trans- 
mission was accomplished when the virus was inoculated mechanically into 24 species of 
plants representing 20 genera and 15 families. Tests to determine the insect vector 
of the virus are as yet inconclusive. Symptoms of what may prove to be a distinct 
virus occur on occasional Cymbidium plants. Moreover, preliminary tests indicate that 
the virus which causes breaking in Cattleya flowers is also transmissible to Cymbidium. 


Nasturtium mosaic, a virus disease of Tropaeolum majus L. in California. JENSEN, 
D. D. A virus disease of garden nasturtium, Tropaecolum majus L., occurs in California, 
having symptoms previously confused with those produced in nasturtium by tomato 
spotted-wilt virus. Symptoms include veinlet clearing of the youngest leaves followed 
by mosaic mottle of variable pattern and some crinkling of the leaves. Diseased plants 
are only mildly stunted. Symptoms first appear 5 to 7 days after inoculation, the ineuba- 
tion period usually being 3 to 5 days shorter than that of spotted-wilt virus in nasturtium. 
The virus is readily transmissible by juice inoculation. It has a dilution end point be- 
tween 1: 20,000 and 1: 30,000. Infectivity of the virus in fresh juice is destroyed by 
heating for 10 min. at 55° C. but not at 50° C. Infectivity is retained after aging 
in vitro for 4 days at room temperature. The virus apparently has a limited host 
range; no infection was obtained, by mechanical inoculation, in 17 species of plants 
representing 15 genera and 13 families. Nasturtium-mosaic virus is readily transmitted 
by several species of aphids including Myzus persicae (Sulzer), Myzus circumflexus 
(Buckton), Aphis rumicis Linn., A. ferruginea-striata Essig, and Rhopalosiphum pruni- 
foliae (Fitch). The virus is nonpersistent in its aphid vectors and can be acquired by 
M. persicae in as short a feeding time as 5 sec. on a diseased plant. 


The effect of several spray materials on the control of blossom blight in sour cherries. 
JOHNSON, FOLKE. The most important fungus disease of sour cherries (Montmorency) 
in western Washington is blossom and spur blight caused by Sclerotinia lara and 8. 
fructicola. Previous work has shown that the organism can penetrate by way of the 
flower pedicels into the fruit spurs. Thus both the current and subsequent season’s 
fruit production may be destroyed. In normal seasons sporodochia of S. laxa may be 
found sporulating on overwintered mummies, twig cankers, and blighted fruit spurs 
from winter to spring. Seven fungicides were used to control blossom and spur blight; 
each was applied to single trees in the pre-blossom stage, and six replicates were used. 
The percentage of disease, based upon the number of blighted blossom spurs, is listed 
after each spray material at the concentration given for each 100 gal. water as follows: 
Arathane, 1 qt., 15.5; ferbam, 14 Ib., 2.2; Phygon-XL, } lb., 2.6; Roccal 10 per cent, 
2 qt., 2.3; Puratized agricultural spray, 1 pt., 1.0; lime-sulfur 2} gal., 7.0; 341-C, 1 qt., 
plus 1 Ib. hydrated lime, 1.6; check, 25.0. Both Arathane and lime-sulfur caused injury 
to the flower petals, but no effect on fruit set could be detected. 


Preparation of permanent mounts of fungus colonies on cellophane. JONES, WALTER. 
One method adopted by Fleming and Smith for the study of germinating mold spores 
was to sow them on cellophane squares placed on solid media. Fungus cultures can also 
be grown by placing fungus inoculum on cellophane dises on solid media in Petri dishes. 
The fungus will grow on the surface of the cellophane and the latter can be lifted, 
mounted between index cards, or placed in envelopes for filing. Since 1944, numerous 
cultures of various fungi have been prepared in this manner and have proved useful for 
periodic microscopic and macroscopic observations and for photomicrographie purposes. 
When required, a slide mount can be prepared by cutting a suitable section of the cello- 
phane with scissors and placing it on a slide; on adding a drop of 3 per cent potassium 
or sodium hydroxide the mycelial and spore characters are easily determined. This has 
been true even in cultures mounted in 1944. Since the growth of the fungus is in a 
limited plane, the morphological details of spore development, ete., are well defined, 
particularly in the wrinkled areas of the cellophane dises where mycelial growth has 
been sparse. Numerous photomicrographs of mycelium, spores, ete., have been taken 
from such areas. Cultures prepared in this manner can be easily handled, and should 
prove useful for classroom work and for exchange between workers. 


Curly dwarf, a virus disease of globe artichoke. WLracnu, L. D., AND J. W. OSWALD. 
An extremely destructive disease of globe artichokes (Cynara scolymus), characterized 
by curling and dwarfing, was observed in Monterey and San Mateo Counties, California, 
in 1946 and 1947. Affected plants at first produce abnormal buds, then become un- 
productive, decline in vigor, and often die. Preliminary investigations have shown this 
to be a virus disease transmissible to seedlings of artichokes and ecardoon (C. cardun- 
eulus) by mechanical juice inoculations. After 25 to 30 days infected seedlings have 
shock symptoms consisting of extreme leaf distortion and internal necrosis of the petiole. 
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Later the seedlings show curling of leaflets and complete dwarfing more suggestive of 
the disease on mature plants. All symptoms are masked by high temperature. Older 
seedlings are difficult to infect and to date all mechanical inoculations of mature plants 
in the field have failed. Thus far only artichoke, cardoon, zinnia, and milk thistle 
(Silybum marianum) have been found to be hosts. Field surveys show that the disease 
spreads rapidly in certain fields but very slowly in others. Replacement of infected 
artichokes with disease-free plants is the first step in its control. This appears to be 
the same disease that destroyed a large part of the artichokes in San Luis Obispo County 
between 1929 and 1931 and then nearly disappeared. 


Variation in monospore cullures of Armillaria mellea, MACLEAN, NEIL A. In an 
attempt to determine the range of variation in Armillaria mellea (Vahl) Quel., causing 
root rot of deciduous fruit trees in California, single basidiospore cultures of the fungus 
were made from sporophores found on dying peach, prune, and pear trees. The cultures 
were made by first placing the sporophores over either barley straw or plain agar Petri 
plates and then transferring germinating spores to potato-dextrose agar or prune agar 
slants. The potato-dextrose agar slants were found to be of most value for the expres- 
sion of cultural characteristics. The single basidiospore cultures showed marked varia- 
tion in color, texture, rate of growth, and production or nonproduction of rhizomorphs. 
Cultures showed variations from small white colonies with abundant aerial mycelium 
and no rhizomorphs to large dark stromatic growths varying in degree of rhizomorph 
production. Further work is now under way to test the pathogenicity of the various 
types of single-spore isolates. 


Potato scab control with calcium compounds. MENZIES, J. D. In greenhouse experi- 
ments with alkaline soil, potato scab decreased with increasing pH or lime, in direct 
contrast to scab behavior in acid soils. Using scab-infested Ephrata sandy loam, the 
scab index (percentage of tuber surface seabbed) was 26.3 for untreated soil and 


32.3, 0.3, and 0 following applications of calcium oxide at 0.3, 1.4, and 2.8 tons per acre 
respectively. Corresponding indices in a second crop were 26, 24, 1, and 3. Control was 
> } 


obtained only when the pH was above 8.1. Equivalent rates of calcium sulfate (pH low, 
calcium increasing) gave no control, nor did equivalent rates of sodium carbonate 
calcium low, pH increasing). When the soil was made alkaline with sodium carbonate 
and then treated with calcium compounds, scab control was best with calcium sulfate 
and almost as good with calcium oxide, but no control was obtained with ealeium 
carbonate. There were no evident yield differences in any of these experiments. These 
results indicate that scab in alkaline soil responds both to calcium and to pH and that 
when the pH is raised above 8.0 the control of scab varies with the source of calcium, 
control correlating in these experiments with the solubility of the calcium compound. 

Purple-top-type viruses of potatoes in Washington. MENzIES, J. D. Symptoms 
resembling purple top, occurring on potatoes in central Washington, may be produced 
by one of several viruses. Current-season leaf roll causes basal rolling and pigmenta- 
tion of young leaves and stunting of the plant, and often induces stem thickening 
and aerial tuber formation. In seedling varieties, tuber-transmitted symptoms not due 
to leaf roll have been noted ranging from seed-piece dormancy to all degrees of stunting, 
purpling, and aerial tuber production. This range of symptoms, as well as healthy 
plants, can be found within hill units and even in tuber units. In some cases the symp- 
toms are typical of green dwarf as described in Oregon while in others they are char- 
acteristic of purple top, but intergrading types are common in seedling clones. From 
such plants two distinct viruses have been transmitted to tomato by grafting. One 
produces symptoms on tomato closely resembling those of the potato bunch-top disease 
deseribed in Canada. The other induces typical tomato big bud, a disease previously 
deseribed on tomatoes. The big-bud symptom is characteristic of aster yellows in many 
plants. Neither virus has so far produced recognizable current-season symptoms on 
Russet Burbank potato in greenhouse grafting tests. 


Testing of different potato varieties for their resistance to scab in Montana. 
Morris, H, E., AND M. M. AFANASIEV. Potato scab (Streptomyces scabies) is one of 


the serious diseases of potato tubers in Montana. Netted Gem is considered as probably 
the most resistant variety to scab in Montana and all thin-skinned early varieties are 
very susceptible. In 1949, 26 varieties of potatoes were tested at Bozeman, Montana, 


to determine their resistance to scab. Most of these varieties were received from R. V. 
Akeley, U. S. D. A., Presque Isle, Maine. The potatoes were planted May 14 and 
harvested September 19. Two varieties had a high resistance to scab, Ontario being 
94.8 per cent healthy and Netted Gem 91.5 per cent. The varieties which produced 
in 50 per cent healthy tubers were Cayuga, 62.9; Marygold, 54.5; and Sebago, 
50.1. Mostly the common type of scab was present. 
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Sooty blotch, a leaf spot of Vitis californica Benth. NYLAND, GEORGE, AND WM. B. 
HEWITT. The name sooty blotch has been given to a disease of Vitis californica Benth. 
in California caused by an undetermined species of Mycosphaerella. The conidial stage 
has been known as Septosporium heterosporium E, & G., but it is believed that this is 
the first report of the ascigerous stage. Spermagonia were noted in material collected 
the latter part of the growing season. Perithecia were produced on dead leaves during 
the winter and matured early the following spring. The genetic relationship of the 
conidial and ascigerous stages was proved by artificial inoculation experiments. When 
sooty blotch was compared with similar diseases from India and also South Africa on 
Vitis vinifera L., striking similarities were noted. Herbarium specimens from India 
contained only the conidial stage. The material from South Africa contained both the 
conidial and spermagonial stages. Because of the similarities of the diseases and of the 
imperfect stages of the causal fungi, it seems quite probable that the fungi associated 
with these particular grape-leaf-spot diseases in India and Africa also will be shown 
to be species of Mycosphaerella, Further investigations on the taxonomy and life 
history of these fungi are in progress. 


Status of our knowledge of the western-X virus in Utah. RicHArDs, B. L., AND 
Bryce N. WADLEY. Studies in Utah initiated in 1939 have shown that the western-X 
virus causes western-X disease in peach, red-leaf disease in chokecherry, wilt and decline 
and western-X little cherry in sweet and sour cherries. Peach and cherry orchards in 
northern Utah often have 40 to 80 per cent infected trees. Chokecherries in the same 
area are likewise heavily infected. Isolates of the western-X virus from different 
sources inoculated into peach, cherry and chokecherry show a wide range in virulence. 
Rate of spread of the western-X virus varies in different locations depending on the 
hosts involved. Spread may be very rapid from peach to peach or from infected cherry 
trees on Mazzard rootstock showing little-cherry symptoms to other hosts. No evidence 
of spread of the virus has been observed from cherries with wilt or decline symptoms. 
Red-leaf-diseased chokecherries are apparently not essential for the spread of the 
western-X virus. In isolated areas where incidence of western-X disease is low, pro- 
grams for removal of diseased trees are being organized. In areas where the rate of 
spread is rapid, top-working arms of the Mahaleb understock with desired cherry varie- 
ties appears the most feasible method of orchard rehabilitation. 


Utah Dixie rusty mottle of sweet cherry. RicHarps, B. L., AND BRYCE N. WADLEY. 
A new virus disease of the sweet cherry, locally referred to as Dixie rusty mottle, has 
been recognized as a serious factor in sweet cherry production in Utah since 1945. So 
far as is known the disease is limited in its distribution to Washington County (Utah’s 
‘*Dixie’’). The causal virus becomes rapidly systemic in inoculated trees and induces 
an array of symptoms which places the disease in the rusty mottle group. The incuba- 
tion period both in the greenhouse and in the field may be as short as 4 to 6 weeks. In 
1949, what appeared to be a related disease was found generally distributed in peaches 
growing in proximity to infected cherry. Subsequently, the virus from naturally in- 
fected peach inoculated into sweet cherry produced rusty mottle symptoms in the sweet 
cherry. The virus from sweet cherry has been transmitted by bud and chip grafts to 
sing, Lambert, Napoleon, Black Tartarian, and Mazzard; to varieties of sour cherry, 
and to several varieties of peach. 


Studies on the life history of Typhula spp. on winter wheat in Washington. 
SPRAGUE, RODERICK, AND C. J. RAINEY. The sclerotia of Typhula idahoensis Remsb. 
and T. itoana Imai are found only on the stubble which bore the last season’s crop. No 
viable sclerotia were found in the fallowed fields which were seeded to wheat in the fall. 
The sclerotia on the stubble germinate during moist weather in October, first increasing 
in size and globosity, then becoming amber-brown and faintly translucent. In early 
November pointed probasidiophores grow out from the sclerotia. These become swollen 
at the apex, soon forming mature fruiting bodies. Spores were discharged during rainy 
or foggy weather from November 14 to December 21, 1949. They were collected in 
spore traps in large numbers in the stubble field to a height of 3 ft. above the ground. 
In the planted fields they were seldom found farther than a few rods from their origin 
in the stubble. The evidence indicates that mycelium carried in the soil may be more 
important in causing snow mold than mycelium resulting from germinating spores. 
Infection is favored by early snow (November) falling on wet unfrozen ground (as 
in 1948-1949). Late snow coverage falling on frozen ground (December) results in 
little or no snow mold (as in 1949-1950). 


Fusarium wilt of flax in Arizona, STREETS, R. B. Flax is a new winter crop in the 
Southwest, at first almost free from disease, but following repeated planting of the 
same land several diseases, especially Fusarium wilt, are causing increasing losses. 
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Punjab, the only commercial variety, is very susceptible to wilt. Two years’ field tests 
in cooperation with Agronomy) near Yuma with replicated plots using 35 varieties 
ind hybrids carefully chosen for wilt resistance and probable adaptation to south- 
vestern conditions gave 12 varieties with no wilt, 12 more with only a trace of wilt, and 
11 varieties in which from 5 to 90 per cent of the plants died from wilt; all plants of 
Punjab were killed before flowering. The outstanding yields in 1949 were secured from 
B5128, a Dakota variety,—45.4 bushels per acre, and from 9 selections of an Argentine 
163 x C.I. 975 eross by Dr. Charles Ray, Jr., which had high resistance to wilt and 
placed in the 13 highest-yielding strains. De Anza, which is resistant in the Imperial 
Valley, California, had 45 per cent wilt in Arizona, indicating a probable difference in 
physiological races of wilt. Fifty selections of apparently wilt-resistant and _ high- 
vielding plants were made from De Anza and a Calar x C.I. 1040 cross by W. E. Bryan 


in an effort to establish wilt resistance in these desirable hybrids. The eradication of 
small isolated spots of wilt in otherwise disease-free fields is being attempted by injee- 


tion of soil fungicide, with encouraging results. 

Transmission of components of the western-X virus, complex to herbaceous plants. 
WEATHERS, LEWIS G., AND GEORGE W. CocHRAN. Part of the western-X virus complex, 
presumably the western-X virus itself, was transmitted by means of dodder, Cuscuta cam- 
pestris Yuneker and C. subinclusa Dur. & Hilg., from diseased peach to carrot, peri- 
winkle, and parsley. Affected carrots became chlorotic. Leaves already matured at the 


time of infection developed anthocyanescence; those developing after the infection be- 
came severely stunted, chlorotic, and distorted. Leaves of affected periwinkle plants 
vellowed and eurled upward and the flowers failed to attain normal size and color. 
Mature leaves of affected turnip-rooted parsley became chlorotic and assumed a pros- 


trate habit; the developing leaves became stunted, cupped, and chlorotic. Control plants 
of carrot, periwinkle, and parsley connected to healthy peaches with the same species 
of dodder failed to develop the symptoms described. In field experiments, tomatoes con- 
nected to diseased peaches with C. subinclusa developed a necrosis and wilt resembling 
the tip-blight disease of tomato. Since additional transmission experiments with toma- 


toes in the greenhouse yielded negative results, the transmission of the virus from the 
pen h to the Tomato is questioned. 


Th noculum potential of Verticillium albo-atrum as affected by soil amendments. 
WILHELM, STEPHEN. The effect on the inoculum potential of Verticillium albo-atrum 
Rke. & Bert., produced by adding various amendments to field-infested soil in pot tests, 
was evaluated by determining the tomato infection index in amended and nonamended 
portions of the same soil. The following of the amendments tried have given substantial 
reductions in the inoculum potential of Verticillium: blood meal, fish meal, ammonium 


sulfate, chopped alfalfa hay, barley straw, and cottonseed meal, listed in order of de- 
creasing effectiveness. The usual rate of application was 1 per cent of the air-dry 
weight of the soil. Ammonium sulfate was applied at the 0.5 per cent rate. One tenth 


per cent applications of the above materials gave no measurable reduction in Verticil- 
ium inoculum. One tenth and 0.01 per cent of Fermate and Dithane Z-78 gave con- 
siderable reduction, whereas similar amounts of Spergon were ineffective. With certain 
materials a decomposition period of 8 weeks gave a greater reduction in inoculum po- 
ential than did shorter periods. Additional evidence in support of the reliability of 
the infection index method of measuring inoculum potential was obtained by determin- 
ing the infection indices of mixtures of various proportions of infested field soil and 


chloropi n-lum gated soil, 

Obs ations on the bud-failure disorder in Jordanolo, a new variety of almond. 
WiLson, E. E., AnD G. L. Stout. The Jordanolo (Nonpareil x Harriott), a new almond 
ariety, has a disorder resembling the Nonpareil-Peerless type of bud failure which, 
though bud-propagated, has not proved transmissible. The original Jordanolo tree is 

onger in existence. Of the 146 trees of the first (Sl) scion generation examined, 
8 per cent bear a few failed buds on one or more small branches. When such trees 
were among the Sl group used as a bud-wood source, however, bud failure of a pro- 
nounced form developed on certain of the S2 trees. Consequently, affected young S2 
trees frequently bear larger numbers of failed buds than do the much older S81 trees. 
In some cases, moreover, the level of symptom manifestation apparently rises from the 
S2 to the S3 scion generation. Such is the case, particularly if one considers the pro- 
portion of branches of affected trees having symptoms. Certain groups of S1 trees 
examined have produced S2 trees without evidence of the disorder. Because of the 
difficulty of identifying affected Sl trees, however, symptomless S2 or S3 trees offer 


the more promising material from which to obtain bud-failure-free scion wood. S2 
trees growing on either almond or peach rootstock have the disorder. 
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Transmission of western X-disease of peaches by the leafhopper, Colladonus gemi- 
natus (Van D.). Wourr, H. R., E. W. ANTHON, AND L. 8S. JONES. Extended work in 
1948 and 1949 at Wenatchee, Washington, and The Dalles, Oregon, produced the first 
evidence of insect transmission of the western X-disease. In one series of 18 Lovell 
peach seedlings inoculated in the greenhouse by the leafhopper, Colladonus geminatus 
(Van D.), six transmissions were achieved and six additional trees had suspected symp- 
toms. Fifteen check trees remained healthy. The same leafhopper also transmitted 
the virus to a J. H. Hale peach tree in the field. The leafhoppers fed on infected cherry 
as well as infected peach before transmitting the virus to healthy test trees. It is not 
known whether the leafhoppers obtained the virus from diseased peach or cherry, or 
both. Sixty to 130 days elapsed between the first exposure of leafhoppers to inoculum 
and their final feeding on the test trees. In greenhouse tests the insects fed on inoculum 
as nymphs and adults, but fed on the test trees only as adults. During 56 days between 
the time they were removed from the inoculum and the time of their first feeding on 
the test trees, the leafhoppers fed on healthy trees in the field. First symptoms on the 
small Lovell trees in the greenhouse appeared 46 days after exposure to the vectors. 
One individual adult transmitted the disease in one test. As many as 25 leafhoppers 
fed on the other test trees. 


Spraying upper vs. lower leaf surface in control of hop mildew. Yarwoop, C. E. 
Leaves sprayed on their upper surfaces with Bordeaux and artificially inoculated by 
applying a suspension of sporangia of Pseudoperonospora humuli to the lower leaf 
surface were heavily infected. Leaves sprayed on their upper surfaces with Bordeaux, 
3asicop, Spergon, and zineb and subjected to natural infection were almost free of in- 
fection, while unsprayed controls were heavily infected. Leaves sprayed with fungicide 
on their lower surface only were free from natural or artificial infection. Artificial 
inoculation by applying a spore suspension to the upper leaf surface was usually un- 
successful even on unsprayed leaves. Spores trapped in the field were caught mostly 
on the upper surface of horizontal glass slides. This indicates that tests of fungicides, 
in which leaves are artificially inoculated by applying a spore suspension to the lower 
leaf surface, may give misleading results; and that in the process of natural inocula- 
tion, whereby the spores are deposited on the lower leaf surface, the splashing rain 
which thus deposits the spores may also carry to these spores some of the fungicide 
originally deposited on the upper surface. 


Transmitted effects of bean powdery mildew and bean rust. YARwoop, C. E. 
Primary bean leaves infected with mildew (Erysiphe polygoni) frequently died sooner if 
the opposite twin leaf was healthy than if the opposite twin leaf was mildewed. Mil- 
dew-infected leaves tended to remain in a vertical (night) position during the day in 
contrast to the horizontal position of normal leaves, but this tendency to remain in a 
vertical position was greater if the opposite leaf was healthy than if the opposite leaf 
was mildewed. Leaves infected with the uredial stage of bean rust (Uromyces phaseoli) 
died sooner if the opposite leaf was infected than if the opposite leaf was healthy. The 
dry weight of healthy, mildewed, or rusted leaves was less when grown opposite com- 
parable infected leaves than when grown opposite healthy leaves. On leaves that were 
resistant to mildew because of age, mildew growth was more luxuriant in proximity to 
rust lesions than in other parts of the leaf. As lightly infected rusted leaves dried 
out, halos of translucent tissue were apparent as much as 1.5 mm. beyond the limit of 
the rust mycelium. These are considered transmitted effects since they are specific and 
were exerted at a considerable distance from the primary cause. 


Use of natural media for inducing sporulation in fungi. ZENTMYER, G. A., W. C. 
SNYDER, AND H. N. HANSEN. By the use of natural media (chopped leaves, stems, 
seeds, roots, ete.) sterilized with propylene oxide rather than with heat, sporulation has 
been obtained with many fungi which otherwise rarely produce fruiting structures in 
cultnre. Using as a substrate in water small avocado roots sterilized with propylene 
oxide has resulted in abundant oospore production in 5 days by Phytophthora cinnamomi 
Rands. The sexual stage of this fungus has been previously reported only rarely, in old 
cultures. Production of both antheridia and oogonia from single hyphal tip cultures 
of P. cinnamomi demonstrates that the strains tested are homothallie and hermaphroditic. 
Various other media were demonstrated as substrates for sporulation in other diverse 
genera of fungi. 





